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THE GREYLOCK SYNCLINORIUM.* 

T. Nelson Dale, Newport, R. I. 

The topography of the NW. part of Massachusetts is marked 

by three main parallel mountain masses having the N. NE. trend 

common to the Appalachian system. The most westerly of these 

is the Taconic range, the crest of which divides the states of New 

York and Massachusetts; the most easterly, situated about ten 

miles east of the N. Y. line is Hoosac Mt. traversed by the Hoosac 

tunnel, while the central one is Mt. Greylock, the prevailing rock 

of which, farther south, merges in that of the Taconic range. 

Mt. Greylock forms a topographical unit, measuring about 14 

miles in length and averaging about 5 in width, and consists 

mainly of one central and two lateral subordinate ridges with the 

same N. NE. trend. The ** saddle, '* from which it derives one of 

its ancient names, and which is a conspicuous object all through 

Berkshire county, is formed by a SW. bend in the central ridge 

between Greylock summit proper (3505 feet above sea level ) on 
the north and Saddle Ball (3300 ft.) on the south. These are 

about two miles apart, and the lowest part of the saddle is 2000 

ft. above sea level. 



♦Abstract of a report by T. Nelson Dale, Assistant Geologist U. S. G. 
S. to Raphael Pumpelly, Geologist in charge of the Archean Division, 
covering field work done by the writer in 1886-1888 assisted during a 
portion of the time by Wm. H. Hobbs. This abstract is published by 
permission of the Director of the U. S. Geol. Survey. The full report, 
amply illustrated, and entitled "Mt. Greylock, its areal and structural 
geology,*' goes to make up, together with a monograph by Raphael 
Pumpelly and one by J. E. Wolflf, a memoir on the Green mountains, 
now in course of publication by the Survey. 
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Situated ri^^*iil*the midst of the Taconic region Mt. Greylock 

has been oftcyb alluded to during the last seventy years in the much 

d^ljftjed'*** Taconic Question." Professors C. Dewey, E. Emmons, 

.••^•i.H^^^^<^^ *^^ «^- ^- I^ana are the principal authorities on the 

. *. • . S*^^logy ^^ ^® mountain. The general s^Ticlinal structure of the 

\**\\ * mass and also the fact that it consists mainly of certain schists 

*•. • underlaid by limestone are well known. Professor Dana has also 

conjectured the anticlinal structure of the hollow which separates 

two of its ridges. 

The following description is based upon the new 20 ft contour 
map made by the topographers of the U. S. Geological Survey, 
and upon extended and laborious geological explorations, and upon 
the careful microscopic study of lithological specimens by Mr. J. 
E. Wolff. The results of modem topography, orography and 
petrography have been brought to bear upon the subject. 

Structural, The rocks are all metamorphic and of few kinds: 
cr^'stalline limestones and various schists, micaceous (sericitic) 
chloritic, albitic, pyritiferous, plumbaginous, calcareous. The 
key to the real structure of the mountain is in clearly distinguish- 
ing cleavage-foliation from stratification-foliation, the apparent dip 
and strike being generally entirely misleading excepting at con- 
tacts and even there sometimes.* The phenomena of cleavage 
and stratification as they occur on Mt. Greylock are illustrated by 
a number of typical cases which substantiate and illustrate the 
following structural principles: 

I. Lamination in schist or limestone ma}' be either stratifica- 
tion-foliation or cleavage-foliation or both. In rare instances traces 
of false-bedding occur in the limestone. To establish conforma- 
bility the conform ability of the stratification-foliations must be 
sliown. The importance of this is manifest and it would seem too 
elementary a principle to be stated here were it' not that at one 
locality where the limestone and schist are in apparently conform- 
able contact, their cleavage-foliations alone are conformable while 
the stratification-foliation of the schist is at right angles to that of 
the limestone owing to a fault 

II. Stratification-foliation in the schist is indicated by: ( a ) the 
course of minute but visible plications; {h) the course of micro- 

♦The more important references to the subject of cleavage occur in 
the writings of Sedgwick, Phillips, Darwin, Sharpe, Sorby, Tyndall, 
Rogers, Kycrulf, Heim, Daubr6e, Jannettaz, Reusch, Bonney, Cadell and 
Ilarker. 
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scopic plications; (c)the gen- 
eral course of the quartz laminse 
whenever they can be clearly 
distingiuished from those which 
lie in the cleavage planes. 

III. Cleavage-foliation may 
consist of: (a) planes produced 
by or coincident with the faulted f | 3 S 
limbs of the minute plications; S ? S . 
<&) planes of fracture resem- | 
bling joints on a very miuute |^'"k| 
scale with or without faulting of ^%^>- 
the plications; (c) a cleavage ?^2> 
approaching "slaty cleavage" ^J-" 
in which the axes of all the par- ~ r^ > ^ 
tides have assumed either the g 
direction of the cleavage or one | s _ ^ 
fonniuga verj' acute angle to it - 
and where stratification-foliation 
is no longer visible. 

IV. A secondary tleav^e 
resembling a minute jointing oc- 
curs in scattered localities. 

V. The degree and direction 
of the pitch of a fold are indi- 
cated by those of the axes of the 
minor plications on its sides. 

A'l. The strike of the stra- 
tification and cleavage-foliations 
often differ in the same rock and 
are then regarded as indicating 
a pitching fold. 

VII. Such a correspondence 
exists between the stratification 
and cleavage-foliations of the 
great folds and those of the 
minute plications that even very 
small specimens properly orient- 
ed give in many cases the key to 
the structure over a large part of 
the side of a great fold.* 
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•Tliefoll report will cpntBin repiriductions of pUolodraplis o[ slightly eQluved 
rock secUoiu, and also sketuliea and diBgrams Ufustrating t1i«8e principlea. 
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On thoMo structunil principles thirteen complete and six partial 
Hoclions have been constructed across the Greylock mass. These 
Mtiow that it consists of a scries of more or less open or com- 
[)iVHMiHl synclinals and anticlinals which^ beginning at the north 
ond ( Nortli Adams ), increase southerly in number and altitude 
with tho increasing widtli and altitude of the schist mass, and then, 
from a [H)int al)out a mile and a half south of the summit, begin 
to widen out and diminish in number and hight until they finally 
[)<ui8 into a few broad and low undulations. Mt Greylock with its 
sulnmUnato ridges is a syucllnorium consisting in its broadest por- 
tion of U}i\ or eleven synclinals alternating with as many anti- 
oHnals, While tlie number of these minor synclinals at the surface 
is si> i\>nsidonibK\ in carrying the sections downwards they resolve 
theuiselvi\» chiefly into two great synclinals with several lateral and 
Humllor oue!^. The lai^T one forms the central crest of the mass, 
tho smaller one ea^t of it forms Rag^reil Mt , the subordinate ridge 
ou that side. The major central synclinal is so compressed near 
tho highest (tart of tho mountain and its axial plane is so inclined 
to tho OH»t^ i. o, it di(^ to tho west, that the strata which un<ier- 
Uo it have ihi it* west side a westerly dip. Further south this 
synclinal o^kmis out and all tho relations become more normal. 
i>u either side of those two main synclinals the suboniinate folds 
are uuvro vmt loss o(hui and have their axial planes vertical or in- 
oUn%\l oast or w\>st. 

Tho aiwnupany iug figure I . shows one of the moie important 
vxf thoso oi\>ss soolious. S^vtion G . which passes about a mile north 
of tin* to^v • That which orv»ssos alH>ut a half mile south of the 
u^v aiKl thivHigh the Kald Ml spur on the south side of the 
* ' H\Yl^^« ^* ^^^"^^ luoiv ^.vmplox in its western portion. 

Thofv arv Khw: umiulatk^ns in tho axes of these svnolinals as 
shv^wu ia ^v^wl l\Hi^itudiual soolions. Tlio siilo or Oiisre of this 
gr<^: ik>uM^^ isvHwrtv is al iho oxtromo north on^i of tho mass and 
::s :^Kitbortx aSx:: euAt miles distant South of those ruain 
t^vxxitwt :s a».>5bor shallowvar ixur Tho same N. S. trvMurh s:rxK^- 
turv' j^wv^ls al^* :hrv>;w:ti all tho suKwiinate lateral foi\is. Ttie 
^kx^vtrt i^AT^ x^ :i>e synoI;tK\rIu3X appoces U> V uiKlor xhe sA^ki.e 
Sr-'^wt: :iio :«v"^ sc"::i:u::s< GroyUv^k ar.vi Saxkilo Kail. 
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Traversing the folds of this canoe-like complex synclinorium is 
a cleavage-foliation sometimes microscopically minute, dipping 
almost uniformlj' east This cleavage-foliation is generally dis- 
tinct from the ** slaty cleavage " early described by Sedgwick, 
Sharpe, and Sorby, and reproduced experimentally by Tyndall and 
Jannettaz ; but consists sometimes of a minute joint-like fracturing 
of the laminae, but more generally of a faulting of the laminae as 
the result of their extreme plication — a mode of cleavage (aus- 
weichungs-clivage) so well described by Heim,* and recently re- 
produced in part by Cadell t by a slight modification of the exper- 
iments made by Alphonse Favre of Geneva in 1878. t This fault- 
cleavage, when carried to its extreme, results in a form of cleavage 
verj' nearly approaching, although not identical with < < slaty clea- 
vage. " To the unaided eye all traces of stratification-foliation are 
lost and even under the microscope they are so nearly lost as to be 
of little or no avail in determining the direction of the dip. § 

Lithological Stratigraphy. There are five more or less distinct 
horizons in the Greylock mass. Beginning above: The Greylock 
Schists: muscovite (sericite) chlorite and quartz schist, with or 
without biotite, albite, octahedral magnetite, tabular crystals of 
interleaved ilmenite and chlorite, ottrelite, microscopic rutile and 
tourmaline. Thickness 1200 to 2000 feet. Part of Emmons' Pre- 
Cambrian or Lower Taconic No. 3, ''Talcose Slate." Walcott's 
Hudson River (Lower Silurian). 

The Bellows Pipe Limestone^ (so named from its occurrence at the 
** Bellows Pipe" in the notch between Ragged Mt. and Greylock): 
Limestone more or less crystalline, generally micaceous or pyri- 
tiferous, passing into a calcareous mica schist or a feldspathic 
quartzite or a fine grained gneiss with plagioclase and occasional 

*A. Heim. Mechanismus der Gebirgs bildiing, im Anschluss an die 
Geologische Monographie der Toedi-WlndgacUen Gruppe. Basel 
1878. 

fHeury M. Cadell. Experimental Researches on Mountain Building. 
Paper read before the Royal Society of Edinb., Feb. 20, 1888. 
Transac. Roy. Soc. Edinb. Vol. XXXV, part 7, p. 337, 357. Ab- 
stract in Nature, Vol. 37, p. 488, Mch. 23, 1888. Third series of 
experiments. 

tAlphonse Favre. The formation of Mountains. Nature, Vol. XIX, 
1878, p. 103. 

JSiaty cleavage results from the destruction of the small lamina^ by 
the breaking up of the sedimentary arrangement of the particles and 
changing the direction of the axes of all the particles. In this connec- 
tion see: Alfred Harker, The causes of Slaty Cleavage; compression v. 
shearing. Geological Magazine, London, 1885, p. 15, and also by the 
same author; On the Successive Stages of Slaty Cleavage. Ibid, p. 266. 
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grains of microcline, zircon. The more common minerals are 
graphite, pjrite, albite, microscopic rotile and toormaline; rarelv 
galena and zinc blende. Thickness 600-700 feet This horizon 
was entirely orerlooked by Emmons, as his section happened to 
cross the mountain where this upper limestone is covered with drift 
It belongs in his Lower Taconic No. 3. and in Walcott's Hudson 
River as do the Greylock Schists. 

T%e Berkshire Schists (so named from their prevalence through- 
out Beikshire county): In character like the Greylock schists, 
but more frequently calcareous especially towards the underlying 
limestone. Thickness 1000 to 2000 feet Also forming a part 
of Emmons' Pre-Cambrian or Lower Taconic No. 3, "Talcose 
Slate." and Mather's, Hall's, and Waleott's Hudson River (Lower 
Silurian). Considerable allowance should be made for thickening 
in consequence of plications in the estimates of the thickness of 
both the Berkshire schists and the Greylock schists. 

Tlie Stockhritlge Limestone, Limestone cr}'Stalline, in places a 
dolomite, quartzose or micaceous, more rarely feldspathic. Verj' 
rarely fosil if erous. Galena and zinc blende rare. Irregular masses 
of iron ore Gimonite) associated sometimes with manganese ore 
(pysolusite) and with siderite, occasionally replaced to a small 
extent by quartzite. Thickness 1200 to 1400 feet Emmons' 
Pre-Cambrian Lower Taconic No. 2, (Stockbridge Limestone), 
Dana's Lower Silurian, Walcott's Trenton Calciferous and 
Chazy (Lower Silurian). From Mr. Foerste's and Mr. Wolff's re- 
cent discoveries in Vermont some of the lower part of this 
horizon mav be Cambrian.* 

The Vermont Formation. Quartzite, cropping out in the Grey- 
lock area only once (See Section G.) but possibl}' underlying the 
entire mass. Thickness 870 feet Emmons* Pre-Cambrian, 
Lower Taconic, L Granular quartz, Dana's Cambrian, Walcott's, 
in part Lower Cambrian, * * Olenellus. " 

It should be noted that the maximum thickness estimated does 
not exceed the thickness usually attributed to the Lower Silurian 
in the Appalachian region. 

Areal Geology, The geolc^cal map of Greylock and the ad- 
jacent masses presents a great body of the schists of the horizon 
of the Berkshire schists almost surrounded by the underlying 

♦J. Elliot Wolff, on the Lower Cambrian Age of the Stockbridge lime- 
stone, Bulletin of the Geological Society of America, Vol 11, 1S91. 
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Stockbridge limestone. The Berkshire schists send out tongues 
into the Stockbridge limestone area. There are also re-entering 
angles of limestone in the schist area corresponding to antielinals. 
There are isolated schist areas which are more or less open s^^n- 
clinals and isolated limestone areas which are compressed antielinals 
forced up through the overlying schists or truncated by erosions. 
Their relations are repeated between the upper limestone (Bellows 
Pipe limestone) and the Gr^ylock schist. 

Belations of Geology to Topography. The physically and chem- 
ically more resistant schists form the more elevated portions and 
the steeper slopes, while the broad valleys and gentle undulations 
about the mountain generally correspond to limestone areas. The 
upper limestone and calcareous schist constitute the benches of 
agricultural land high up on the sides of the mountain and < < the 
notch " so early settled ; and to the presence of this rock also, 
together with a northerly pitch, is due the deep incision in the 
central crest between Saddle Ball and Hound Rocks. The N.-S. 
part of the Hopper cut was occasioned by the trend and up- 
turned edges of the calcareous belt. A minor anticlinal occurs 
on the west side of this part of the Hopper. The deep E. -W. 
incisions on both sides of the mountain are the results of erosion 
crossing the strike, while the great spurs on the west side are 
portions of the original mass left by this erosion. The saddle be- 
tween Greylock summit and Saddle Ball is due to the central 
synclinal of the mass, and the saddle seen in the mass from Mt. 
Equinox on the N. N. W. is due to the great trough in the cen- 
tral synclinal. The center of this trough is the deepest part of 
the entire synclinorium. 

Newport, R. L , April 22, 1891. 



THE FUEL RESOURCES OF COLORADO. 

Bv A. Lakes, Golden, Col. 
RECENT DEVELOPMENT OP THE COAL FIELDS. 

Up to the past five or six years the comparatively small areas 
of coal discovered and developed within the reach of railroads, 
were confined to the narrow eastern and northeastern border of our 
mountains, and were monopolized by two or three companies, or 
leagued with two or three railroads. The markets were local also. 
Now, far greater and more important fields, with larger seams and 
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superior quality of coal have been discovered and partially devel- 
oped on the western slope of the Colorado range. There are now 
twenty companies at work where before there were but one or two, 
and these not merely on the old fields, but on the new. From a 
once local trade we have now come to supply many neighboring 
States as far east as the Missouri river. From nothing as a coal 
State, Colorado has leaped into the front ranks. 

EASTERN COAL AND THAT OF COLORADO COMPARED. 

It has been by no means easy to convince eastern men either of 
the quality of Colorado coal, or of the area of its fields as com- 
pared with similar data of eastern states. They have long thought 
of our coals as "lignites," little better than i)eat, owing to the 
fact that they were so dubbed by Ha^^den in his report of 1873. 
This was true enough of the northern field about Boulder, but 
wholly- unjust to the great bulk of our coal fields, which produce 
true bituminous coal — the same in quality and character as that of 
Pennsylvania. We have coals that not only produce good coke, 
equal, some of it to that of Connellsville, but even anthracite, 
limited in quantitj^ similar to that of the eastern states. This 
fact is emphasized by the leading coal expert and geologist of the 
eastern states, Dr. J. S. Newberry, of the Columbia School of 
Mines of New York, who says of our Colorado fields west of the 
range : 

' * Here we see sometimes eight to ten different seams in one 
section, reaching a united thickness of forty to fifty feet, of a 
quality which will compare with any known in the world. Owing 
to peculiar conditions this coal forms several varieties, each of 
which has its special uses. Here is anthracite, as hard and bright 
as any mined in eastern Pennsylvania ; semi-bituminous coals, 
similar to those of Blossburg and Cresson, but more compact and 
pleasanter to work, transport and use ; bituminous coal, yielding 
a coke as good as that of Connellsville, and open-burning furnace 
coals similar to the famous Briar Hill coal, of Ohio, and of equal 
value. These coals are of unusual purity, sometimes containing 
3 per cent, and rarely more than 5 per cent, of ash, with little sul- 
phur or phosphorus." 

Our fields belong geologically' to the Cretaceous, but what old 
age and pressure have done for the eastern coals, has been accom- 
plished for ours by the heat of volcanic eruptions attendant upon 
mountain upheaval. 
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DISCOVERY OF THE COAL FIELDS. 

A glance at Mr. R. C. Hill's map in *' Hall's Historj- of Color- 
ado," gives some idea of the great area occupied by our cdal 
fields, and their distribution in the state. And since formerly 
only that marked **The Northern Colorado Field" was known and 
worked, it will appear how largely the knowledge of our coal re- 
sources has increased within the past few years. This north- 
em field developed at Marshall, Erie, Louisville and Golden was 
formerly the main supply of Denver and the mountain towns. 
Later the southern portion of the field was developed and worked 
from time to time at Franceville, near Colorado Springs. Excel- 
lent coal, too, was opened on the small isolated field near Canon 
City. But the most important discovery was made some years 
later in the Raton field, where the coal was found to be not only 
bituminous, but also capable of making very fair coke, a com- 
modity long desired by the smeltere, who up to this time had to 
rely upon Pennsylvania. 

Later, a mine was opened at Crested Butte, across the range, 
which produced a first-class coke, equal to that of Connellsville. 
Since this epoch of coke discovery, large areas of coking coal have 
been discovered in various parts of the state. 

In the same area a small field of excellent anthracite was dis- 
oovered, covering a few hundred acres. Thus, in a very short 
time, our reputation as a so-called "lignite" bearing state had 
been raised to that of a first-class bituminous, coke and even an- 
thracite producing region. 

THE GRAND RIVER COAL FIELDS. 

The contest for a path to Utah between the Midland and the 
Rio Grande railways led to the discovery and development of still 
another new field, along the banks of the Roaring Fork and Grand 
river, even richer than the rest, in the varieties and great thick- 
ness and number of seams of bituminous, domestic, coking, and 
anthracite coals. The coking coals were developed by the Marion 
mines, near Cardiff, and the coke found to be as good as Connells- 
ville. The great, thick and numerous seams of bituminous and 
domestic coal were, and still are being developed all along the 
great Hogback, from Glenwood to Meeker, a distance of forty 
miles. Thus began the development of the great Grand River 
field, which for area, variety and excellence of its coal is the 
most important field of the future in Colorado. As yet its out- 
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skirta only have been touched, and there is a vast area for future 
enterprise, whilst north and beyond it is yet another large and un- 
touched field known as the Yampa. 

The coal of this Grand Kiver field has a further importance from 
its close proximity to the greatest iron deposits so far discovered 
in Colorado, such as those of the Iron King, at White Pine, about 
thirty miles from Gunnison City, and the Cumberland iron mine, 
in Pitkin county, also within fair distance of this great coal field. 

SOUTHWESTERN OR LA PLATA FIELD. 

Meanwhile in southwestern Colorado the Rio Grande railway 
had entered and discovered another large field, covering thousands 
of square miles, and extending from Colorado into New Mexico 
and Arizona, known as the La Plata field. Here is an immense 
amount of coal in bodies from seventy feet down to five feet in 
thickness ; yet over this great area the development is restricted 
to four or five small mines, one at Monero, another at Florida, 
and three or four about Durango, doing a very local trade. This 
small development is due to the possession of much of the field 
by the Ute Indians, and to the fact that but one railroad pene- 
trates the region. The coal is bituminous, and over certain areas 
makes fine coke. 

Besides these large fields, there are several smaller isolated ones, 
such as one in North Park, with thick seams of lignitic coal, an- 
other in South Park, for some years developed by the Union Pacific, 
and another undeveloped field on ** Tongue Mesa," near Montrose. 

NORTHERN COLORADO COAL FIELD. 

This field extends north from Boulder into the Laramie plains 
of Wyoming, and south to Colorado Springs. Its approximate 
eastern boundary is a line drawn north and south some forty miles 
east of the mountains. This field has long been developed in 
Boulder county by the Marshall, Erie and Louisville mines, also 
by mines at Golden and Ralston. Marshall is one of the oldest 
mines in the state, having been worked for at least twenty years. 
By a series of faults, accompanied by erosion, the coal has locally 
been brought near to the surface at a gentle dip of 5 degrees. The 
principal seam is six to eight feet thick. The coal is a goo<l, 
pure, high-class lignitic coal, not coking, but well adapted to all 
purposes where extraordinary heat is not required. A large area 
has been worked out, a goo<l deal burnt out by 8ix)ntiineous com- 
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bastion, and an unknown amount presumabl}' left The develop- 
ment is sometimes impeded by the faults which cut off the contin- 
uity of a seam. 

The following is an analysis of Marshall coal : 

Per Cent. 

Water 10.73 

Volatile 44.11 

Fixed carbon 38.38 

Ash 6.11 

The area of the Colorado portion of the northern field is esti- 
mated by Hills at 6,800 square miles, the accessible portion at 405 
square miles, and the available coal at 2,568,600,000 tons. 

From Franceville, for about thirty miles south, there are no de- 
velopments until we reach Canon City, on the south bank of the 
Arkansas river where is a small isolated field, twelve miles long 
by two miles broad, carrying a seam four to five feet wide of non- 
coking bituminous coal, which has long been a favorite fuel from 
its high calorific power and general purity. The gentle dip of the 
strata admits extensive development. There are three or more 
companies developing this small field at present. 

THE SOUTHWESTERN FIELD. 

' From the Arkansas river to the Huerfano river, a distance of 
fifty miles, another barren space, and then we meet the northern 
extremity of the great Raton plateau and Raton coal fields. Some 
of this coal has been burnt, or changed into natural, but worthless 
coke by volcanic dykes with which the region abounds. As a 
whole, however, it represents an enormous amount of bituminous, 
domestic and coking coal. The cause of this change from a lig- 
nitic to a bituminous and coking character may be found in the 
great volcanic manifestations of this area. 

The following analysis of Al Moro coal gives : 

Per Cent. 

Water 0.54 

Volatile matter 30.29 

Fixed carbon 54.43 

Ash 14.74 

Total 100.00 

Hills estimates the available area of this field in Colorado at 

473 square miles, and the available coal at 4,490,200,000 tons. 

In former years there were but two companies working in this 

great field, now there are a dozen. 

From the fields of the eastern slope we turn to those on the 
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west slope of our mountains. We cross the Sangre de Cristo 
range, the broad San Luis park and the Conejos range, seeing no 
coal for over 1 00 miles. From the Conejos range we look down 
on a i-egion of endless plateaus, representing the La Plata coal 
fields. Over this large area there is, as we have stated, but half 
a dozen small mines. One body of coal on the Animas river, be- 
low Durango, is seventy feet thick, caused by the running together 
of several seams. It is developed at the Carbonero and La Plata 
mines. The great body is traceable for several miles along the 
** hog-backs" b}' a valley caused b}^ the washing out of the softer 
coal. The individual seams comp(5sing this mammoth body can 
be worked individually' to advantage, but worked collectively the 
result would be a high per cent, of ash from the admixture of 
shale *< partings. " Close to the town of Durango a seam five feet 
thick, of excellent qualitj^, is worked hy the San Juan and Porter 
mines. The coal of all these seams makes very good coke, but the 
market of it is at present local. The drawbacks to this coal field 
are its distance from the main central market, the presence of ov\y 
one line of railroad, and the proximity* of the Ute reser\'ation. 
When some of these obstacles are removed there is a good future 
for the region. 

An analysis of the smaller seams is : 

Per Cent . 

Water '. 0.63 

Volatile matter 34.70 

Fixed carbon 57.30 

Ash. 7.37 

Total 100.00 

And for the larger seams : 

Per Cent. 

Water 1.30 

Volatile matter ■ • ■ . 39.70 

Fixed carbon 54.78 

Ash 4.22 

Total 100.00 

Hills estimates the Colorado portion of this field 1,250 square 
miles, the available portion at 300 squar6 miles, the available coal 
at 3,387,200,000 tons. 

FIELDS OF NORTHWESTERN COLORADO. 

From Ouray we go northeast to Crested Butte. Here is a small 
portion of the Grand River field isolated by a circle of volcanic 
mountains, forming the Elk range. The heat from these volcanic 
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sources has altered the coal into several varieties. We have bitu- 
minous, coking, semi-anthracite and true anthracite, the alteration 
being more or less great, according to distance from volcanic heat. 
The anthracite portion is limited to an area of about 500 acres ; 
the seam is six feet thick and yields an anthracite as hard and 
lustrous as that of Pennsylvania. Its analysis is : 

P»r Cent. 

Water 1.56 

Volatile matter 5.93 

Fixed carbon 88.76 

Ash 3.75 

Total 100.00 

This mine is at present the main anthracite supply of Colorado. 
An old analysis of the Crested Butte coal gives : 

Per Cent. 

Water 1.94 

Votalite matter 38.18 

Fixed carbon 56.80 

Ash 3.08 

Total 100.00 

Coke from this coal now analyzes as follows : 

Per Cent. 

Water 05 

Volatile matter 1.15 

Fixed carbon 89.12 

Ash 9.62 

This coke is not so strongly coherent as that of Trinidad, but in 
other respects is better. 

At Crested Butte we leave the railroad and take horses and a 
camping outfit to explore the untouched areas of Grand River field. 
The boundaries of this field, as marked out by Hills, are as fol- 
lows : It lies on the drainage of the Grand river and its tribu- 
taries in Pitkin, Garfield and Mesa counties, and a detached por- 
tion of it on White and Yampa rivers. 

The coal of the southern end, beginning from Crested Butte, is 
traceable around mount Carbon to the Baldwin mines, thence west 
to Gunnison mountain, where, on Coal creek, are large seams of 
semi-coking and coking coal, with some anthracite. From mount 
Gunnison we follow the coal outcrop across the north fork of the 
Gunnison around Grand Mesa to Hogback canon on the Grand 
river, where sixteen miles above Grand Junction seams of domes- 
tic bituminous coal six to eight feet thick, appear on the sides of 
the canon. Thence to the Utah line along the Little Book cliffs 
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to Green river and beyond, the coal probably underlying a large 
tract of country east of the Wahsatch mountains. 

Along the opposite margin coal is traceable west from Crested 
Butte, along the anthracite range and the south base of the Ragged 
mountains, down Crystal river to Coal Basin. Along the anthra- 
cite range and fianks of the Ragged mountains are local patches 
of very fine anthracite, but somewhat broken up, detached and 
difficult of access. 

From New Castle the coal follows the course of the Great Hog- 
back to Meeker, a distance of forty miles. Thence it bends in a 
curve in a northerly direction towards Yampa river, and appears 
again on White river, below the mouth of Piceance creek. After 
this it follows the Uintah range into Utah and Grand river. 

In the coal basin at Jerome Park, and at the Marion and Sun- 
shine mines near Cardiff, on the Roaring Fork, which lie around 
such eruptive centers as Mount Sopris and the £lk range, the coal 
is largely coking, producing a coke of great purity, at times equal 
to that of Connellsville. Hills estimates the coking area of this 
district at 353 square miles. 

On the cliff face of the Great Hogback, 1,000 feet above the 
Grand river, we see exposed a great number of seams varying in 
thickness from twenty-two feet near the base, to ten and five feet 
near the summit The coal along this hogback is first-class bitu- 
minous domestic coal, not coking, but freer from soot than those 
of a coking nature. 

On the field around Meeker, owing to the absence of railroads, 
and the distance from markets, little development has been done. 
The coal appears like that at New Castle. 

WHERE ANTHRACITE IS FOUND. 

This Grand River field produces many good varieties of coal, 
the bulk of it being domestic and not coking. The anthracite 
area, so far as at present known, is in Colorado, confined to nar- 
row areas along the Anthracite range, the flank of the great vol- 
canic mountains, such as mount Marcellina and the Ragged 
mountains, and the small mesa at Crested Butte and the southern 
flanks of mount Gunnison, together with an undefined area in the 
Yampa field. Some of this so-called anthracite is more strictly 
semi-anthracite, excellent coal, but variable in thickness and 
quantity, and liable to have been broken up by the volcanic sheets 
which anthracised the coal. The largest and most promising an- 
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thracite area is one I saw this summer on the southwest base of 
Mount Gunnison, where a continuous seam, ten feet thick, over- 
laid by a sheet of volcanic rock, appears to underlie a consider- 
able area, i. e. , if we assume it to be co-extensive with the out- 
crop of the volcanic sheet. In the same vicinity were some of the 
finest seams of domestic coal I have yet seen in Colorado. They 
are some five or six in number, and vary from six to twelve feet 
in thickness, and lie at intervals one above another in the same 
section. There appears also to be an area of coking coal on the 
same property. The bulk of the coal area so far developed has 
been along the outskirts of the field. The center of the field is 
buried beneath the mountain plateaux of 5,000 to 10,000 feet 
thickness, of newer Tertiary strata. On the cliffs of these plateaux, 
instead of coal we see long black lines of asphaltum, with shale 
saturated with hydrocarbons to such a degree that they ignite with 
a match. From the latter, petroleum could doubtless be extracted 
and manufactured in the same manner as it used to be in the East- 
em states before the great fiowing oil, wells were discovered. 

NATURAL GAS. 

It was in this same region and set of strata that this summer I 
saw the first genuine and promising gas springs of any power or 
consequence so far discovered in the state. The locality was 
thirty miles west of Meeker, on the White river, near its junction 
with the Piceance creek. There I saw on the edge, of a great hol- 
low basin that had been excavated by erosion out of a broad anti- 
clinal or arched table-land, two powerful springs which had been 
exploited to a depth of 500 feet During the work, one of the 
springs caught fire, and a column of flame, sixty feet in bight and 
twelve feet in diameter, shot up into the heavens, illuminating 
the surrounding country for many miles, till it gradually* subsided 
owing to the pressure of water, after destroying the machinery, 
severely burning the operator, and calcining the ground for several 
j^ards around the orifice. The site of this spring is at present oc- 
cupied by a pond, up through which several jets of gas bubble 
fiercely. 

The other spring, a few hundred yards distant, was also ex- 
ploited to some depth, and, owing to business matters, abandoned 
and the tubing drawn out. This spring I also found surrounded 
by a circular pond twelve feet in diameter. Here the water was 
in a seething, violent state of agitation, churning round and 
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round the central orifice, from which great bubbles of gas arose, 
elevating the surface of the water a foot or more above its level, 
reminding one very much of certain stages in a geyser eruption. 
A strong petroleum smell was emitted. We ignited the gas from 
a safe distance and a column of flame sending out an intense heat, 
covered the entire surface of the pond and rose to a hight of 
about six feet above it We watched it for a while and left it still 
burning. It is evident there are large bodies of gas in this region, 
as shown by the two wells, which have been pouring forth vol- 
umes of their incense for over a year to waste on the sage brush 
desert. 

Again about two miles from this up the course of the Piceance 
creek we found an alkali pond with numerous gas jets bubbling 
up, which ignited with a match and burnt for a few seconds until 
overcome by water. Professor Sadtler tells me that a well has been 
discovered on Bussard creek, twenty-five miles air line southwest 
from Glen wood and about the same distance west from Aspen, 
which, on digging, poured forth such volumes of gas that the 
workmen were unable to continue. It is evident that there are 
large bodies of gas in this region, as shown by the wells which I 
have described. It is certain, then, that natural gas exists in 
Colorado. 

What might be done with this if it were within reach of some 
large city like Denver ? What manufactories of glass and other 
works might be run by this cheapest and purest of fuels ? Not to 
mention the illumination of our streets. If the mountain wont go 
to Mahomet, Mahomet must go to the mountain ; and it may be 
that commercial men may see the wisdom of establishing their 
manufactories within reasonable distance of these powerful springs. 

PETROLEUM. 

There is a close chemical relation between natural gas, asphalt • 
and petroleum. They are all hydro-carbons, and are convertible 
into one another, hence, where one of these substances is found, 
it is not unlikely to find the others, so there is a reasonable pros- 
pect that this White River region, abounding in its natural gas 
and asphaltura, may some day be found to produce petroleum also. 
At present our oil production is confined to the small field at 
Florence in the vicinit}- of Canon City. 

THE FLORENCE OIL FIELD. 

Oil was discovered first in Fremont county on Oil or Four-mile 
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creek, four miles east of Canon City, where it makes its appear- 
ance on the surface of the water of the creek. Rumor has it that 
it was known for years to the Indians, who used it for medicinal 
purposes. In 1861 Mr. A. M. Cassidy, who was the pioneer in 
the development of oil in Colorado, erected a small still on the 
bank of this creek, sank five or six wells in the neighborhood, 
getting from the eniire development about three barrels of crude 
oil a day, which he refined and sold in Canon City, Pueblo and 
Denver, at prices ranging from $1 to $5 per gallon. From this 
small beginning the present industry has evolved. 

This field now supplies every gallon of refined oil used west of 
the Kansas and Nebraska line, including all states and territories 
to the Pacific coast. 

The present total consumption of refined oil in the territory 
tributary to the Florence oil fields is 4,500,000 gallons per an- 
num, representing in value to the producers about $300,000. 

There have been in all about sixty-five wells drilled in this field, 
with a record of about forty-five producers. Of these there are 
now about twenty-five wells being pumped. The remaining twenty 
have gone dry. The average production per day of these wells is 
forty barrels, or a total of 1,000 barrels daily. 

The territory is what is called an uncertain one ; there is no 
guide by which producers can be governed. Oil has been found 
in depths from 1,000 to 1,800 feet. The drilling has developed 
the fact that there is a body of shale 3,000 feet thick at least. 

Seven miles northwest of Florence, on Oil creek, and back of 
the penitentiary at Canon City, ten miles west and north of Flor- 
ence, the outcrop shows oil-bearing sandrock. This sandrock is 
the supposed original oil receptacle from which the oil has, by 
pressure, been forced up into the shale above. 

The character of the drilling is fairly good, the shale being soft 
and easily penetrated, but owing to frequent caving, necessitates a 
knowledge of the territory by the drillers. 

The character of the oil is what is termed a heavy petroleum, of 
a greenish cast of color, and weighing about 32 degrees. The 
amount of illuminating oil produced from the crude is 33^ per 
cent The residual or refuse oil is used for lubricating and fuel. 

The life of the wells is about two yeai-s. The territory marked 
out and supposed to be oil bearing, is about sixty thousand acres. 

Evidences of the existence of oil are to be found in Conejos, 
Archuleta, Rio Blanco, and Routt counties. 
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It oozes from the rocks near Morrison, and signs of it are said 
to liave been found at Littleton, and nine miles north of Denver. 
None of these fields, however, have been sufficiently developed to 
establish their commercial value. 

The oil business of the State of Colorado may in time be equal 
in importance to our State, that it is to the States of Pennsylvania 
and Ohio. There are undoubtedly undiscovered fields in the va- 
rious portions of the state that in time will become available. 

SUMMARY AND CONCLUSIONS. 

From what we have said we conclude that as regards coal we 
have inexhaustible fields of it on both sides of the range. 

That the fields on the western slope are the largest and most 
important in quantity and quality. 

That the northeastern field on the northeast side of the range 
carries an excellent ordinary and cheap fuel in its non-coking lig- 
nitic coal. 

That the *»lignitic" type of coal constitutes only a small frac- 
tion of our coals, the bulk throughout the state being bituminous. 

That the southeastern or Raton field, from Canon City to Trini- 
dad, carries a bituminous coal, one-half the area being coking, the 
remainder domestic. 

That the southwestern or La Plata field across the range, is of 
much the same character, producing both domestic, bituminous 
and coking coal. 

That the northwestern or great Grand River field bears the great- 
est varieties of coal — bituminous, coking, some anthracite, the 
bulk of it being domestic non-coking coal. 

That there are still large areas of coal fields but little explored 
or developed. 

That the l)ulk of our coal is a first-class bituminous domestic 
coal. 

That there are considerable areas of coking coal, producing coke 
e(iual to Connellsville, Pa. 

That the areas of anthracite are limited. 

Tiiat we have abundance of excellent coal of various kinds, 
easily accessible and easily worked, and thus of necessity, fuel in 
Colorado is cheap. 

That the total area of Colorado coal fields is 18,100 square 
miles. 

That our coals are the equal in quantity and qualit}' to those of 
any State in the Union. 
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That we stand fifth at present in the rank of coal-producing 
States, and that there is a greater future before us. That our coal 
resources are inexhaustible and will outlive our precious metal re- 
sources. 

That as regards Natural Gas we have indications of it in sev- 
eral parts of the state, but at present the only localities where it 
appears to be in commercial quantities, are on White river and 
Buzzard creek in the northwestern district of Colorado. 

That as regards Petroleum there are also indications of it in sev* 
eral parts of the state, but the only productive field is at present 
located near Canon City, and that the prospects of our industry 
in this commodity are quite as promising as were those of the 
early days of Pennsylvania and Ohio. 



PLEISTOCENE OF THE WINNIPEG BASIN. 

By J. B. Tt&rbll, M. A.,Ottawa, of the Canadian Geolofirical Survey. * 

During the past two summers the writer has been engaged in 
examining the shores of lakes Winnipeg, Winnipegosis and Mani- 
toba, and at the present time when so much interest is being taken 
in the occurrence of former glacial lakes, a few notes on the 
Pleistocene beds of the Winnipeg basin may not be entirely out of 
place, in advance of a more detailed report to the Canadian (Jeolog- 
ical Survey. 

The basin of lake Winnipeg itself lies along the western face of 
the Archaean continental nucleus, the eastern shore being com- 
posed of gneiss, granite, altered quartz-i>orphyry, micaceous and 
hornblende schist, cericite schist, &c. , while the salient points of 
its western shore are chiefly composed of limestone, ranging from 
the age of the Trenton to that of the Hudson River or Niagara. 
Beneath the Trenton limestone is a thickness of one hundred or 
more feet of soft and almost incoherent Chazv sandstone, and it is 
from the area formerly covered by this sandstone that a con- 
siderable portion of the bed of the lake would appear to have been 
excavated. Between the salient limestone jwints, the west shore 
is chiefly formed of drift deposits. 

Lake Winnipegosis has a somewhat similar character, the more 
northern portion of its east shore being composed of low \yiug 
Silurian dolomite dipping slightly towards the lake, while the west 
shore is comi>osed of drift or occasional cliffs of Devonian lime- 
stone. 

•(Published with the permission of the Director.) 
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Lake Manitoba is almost entirely enclosed by drift deposits. 

From the western side of these two latter lakes a gently 
rising plain reaches to the foot of the Riding, Duck, and Porcu- 
pine mountains. 

South of the area of the lakes a plain, generall}- thickl}' covered 
with alluvium, stretches into Minnesota and Dakota. 

The escarpment of the Pembina, Riding, Duck, Porcupine, etc. , 
mountains may be conveniently designated the ** Manitoba escarp- 
ment, " and the beds of which it is composeil are, as far as is at 
present known, of Cretaceous age. At the close of the Cretaceous 
Period these beds, which now rise in places to a hight of 1,700 or 
1,800 feet above lake Winnipeg, must have extended a long dis- 
tance farther east, but with the advent of the Tertiar}' Epoch, a 
period of elevation and denudation set in and continued without 
intermission to the close of the Pliocene. During this period the 
great north and south valle}' was formed, on the western side of 
which now rises the Manitoba escarpment, together with the 
afferent valleys of the Valle}', Swan and the Red Deer rivers. 

The history of this region during the first Glacial period is not 
at all clear, but the second Glacial period furnishes us with an 
abundant record, from which its story may be easily i-ead. 

Let us examine separately, but briefly, the different pages of 
this record, beginning with that on 

Striation. 

At the north end of lake Winnipeg the glaciation averages S. 
2" W. , or nearly parallel to the shore, from William river to the 
mouth of the Saskatchewan. On Cedar lake, on its eastern side, 
the striation is S. 18® W. , making straight for the ridge north of 
lake Winnipegosis, while on its western side, near the mouth of 
the Saskatchewan, the glacial striae l>ear S. 39*^ W. On lake 
Winnipegosis the striae at its northeastern angle bear S. 23" W. , 
while a little farther down the east shore they have turned to S. 
9® W. Around the south end of the same lake they bear S. 2^- 
13° E. ; in Dawson Bay S. 42^-58*=^ W. , in Swan lake S. 48"- 
53" W. ; in Red Deer river S. 68"-78" W. These three latter 
courses show a set of the glacier towards the great valleys of the 
Swan and Red Deer rivers ; while those on the south and east 
sides of lake Winnipegosis indicate a movement parallel to the face 
of the escarpment. 

In the northwestern arm of lake Manitoba the striae are bear- 



Pleistocene of the Winnipeg Basin, — Tyrrell. 21 

ing southward, while on the eastern side of the lake, near Steep 
Rock point, their direction is S. 8^-13^ E. The granite islands in 
lake St Martin are well striated in a direction S. 33^ E. These 
observations all show that the glacier moved southwaixl in the 
great Winnipeg valley, the direction of movement being clearly 
proved by the characters of man}' of the exposed and striated rock- 
surfaces. 

On the east side of lake Winnipeg, the general direction of 
glaciation has already been recorded by Dr. Bell as trending more 
or less directly out into the lake. Some instances of thB occur- 
rence of two sets of strifle have however lately been observed that 
would appear to indicate an earlier glacial movement more nearly 
parallel to the shore, though the earlier strise have been almost 
entirely obliterated by the later. 

On Swampy island the general direction of striation is S. 52° 
W. , while another set of striae was found to occur under a mass 
of pebbles and boulders bearing S. 13® E. Mr. Panton has already 
recorded striae running in a similar direction on Black Bear island 
forty miles further south. * 

In lake Winnipegosis, where many striae have been observed, 
the islands and points of till and boulders lie in the direction of 
glaciation, and applying the same rule to the palaeozoic area of 
lake Winnepeg, where much of the country has not yet been ex- 
amined, the direction of glacier motion is seen to swing southward 
from the east shore, till at the mouth of the St. Martin (Little 
Saskatchewan) and Fisher rivers it would appear to have been 
about due south. 

South of the lacustral area in Manitoba, striae have been re- 
corded by Messrs. Panton* and I^pham from Stonewall, Stony 
mountain and Little Stouj- mountain bearing S. 20^-25^^ E., ' 
and on the Assiniboine river in Sec. 23, Tp. 9, R. 10, striae were 
lately observed by the writer on the surface of Niobrara marlite 
bearing S. 38® E. Farther south, within the United States, striae 
made by a continuation of the same great glacier have been re- 
corded by Pres. T. C. Chamberlin down to the northern boundary 

* Notes on the Geology of some islands in lake Winnipeg by J. 
Hoyles Panton, M. A., Hist, and Sci. Sec. Man. Trans. 20, 1886, p. 6. 

* Gleanings from Outcrops of Silurian Strata in the Redriver valley 
by J. Hoyles Panton, M. A., Man. Hist, and Sci. Soc. Trans. 15, 1884, 
p. 7. 

* Report of Exploration of the Glacial lake Agassiz in Manitoba by 
Warren Upham. Can. Geol. Surv. Ann. Rep. Vol. IV, part E, p. 115. 
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of Minnesota) be^'ond which, in the vicinity of Des Moines, Iowa, 
was found the outermost terminal moraine of the glacier. ^ 

These numerous observations of distinct and characteristic 
glacial striae clearly show that a great glacier, or lobe of the 
Laurentide glacier, which for convenience may be called the Man- 
itoba glacial lobe, or glacier, moved south-southeastward across 
the lacustral plains of Manitoba, along the valley of Red river to 
the hight of land, and onward to near Des Moines, Iowa, send- 
ing off branches up the valleys of Swan and Red Deer rivers. The 
total length of the Manitoba glacial lobe, therefore, from the 
north end of lake Winnipeg to its extreme southern limit in Iowa 
would be about 850 miles. 

Moraines. 

The highest moraines at present known in northern Manitoba 
are those capping the summits of portions of the Duck and 
Riding mountains with altitudes of 2,500, 2,700 feet above the 
sea, or 1,800 to 2,000 feet above the surface of lake Winnipeg. 
A good example of this moraine is seen on the northeastern por- 
tion of Duck mountain, where it forms a barren, rugged district 
with conical hills often rising to a hight of 200 feet. These hills 
are composed entirely of drift so thickly studded with Archaean 
boulders, that their crests have much the appearance of the 
rounded knobs of granite and gneiss east of lake Winnipeg, the 
likeness being made more striking by a thin and stunted growth 
of pine. When the writer passed over this region he had been 
preceded a year or two before by a forest fire, which had burnt 
over most of the hills and left them strewn with blackened 
sticks about the size of fence rails, lying irregularly over the mass 
of boulders. Very few deciduous plants had grown up to cover 
the surface, and there was nothing to veil the absolute desolation 
of the scene. 

No definite and well marked moraine has been traced along the 
face of the Manitoba escarpment below those just mentioned, but 
distinct moraines occur at elevations of about 1,300 and 1.500 
feet respectively in the valleys of the Swan and Valley rivers, 
which may represent the terminal moraines of subsidiary lobes of 
the Manitoba glacier. 

For a long distance eastward from the escarpment no moniinie 
hills are known, but it is not impossible that they may exist in 

' Terminal Moraine of the Second Glacial Epoch, by Thomas C. 
Chamberlin, 3d Ann. Rep. U. S. Geol. Surv. map, opp. p. 382. 
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places, for most of the country between lakes Manitoba and Win- 
nipegosis and lake Winnipeg is yet entirely unexplored. How- 
ever at many places on the shores of lake Manitoba, especially 
towards its northern end, and on the shores and islands of lake 
Winnipegosis south of Birch island transported boulders are scat- 
tered in great abundance, or heaped in high boulder-walls. The 
north side of the high and even ridge between lake Winnipegosis 
and Cedar lake, and the south shore of this latter lake, are also 
composed to a considerable extent of erratics. It is not improb- 
able, therefore, that these boulder-strewn tracks may represent 
periods of cessation in the retreat of the glacier, but the morainic 
debris was dropped into lake Agassiz, and scattered more or less 
thickly over its floor. 

On the shores and islands of lake Winnipeg a distinct moraine 
has just been recognized. It forms the high land on the eastern 
side of the lake between the mouth of Broken head river and Elk 
island ; crosses Black island near its northeastern extremity as an 
irregular, knolly ridge with a summit one hundred feet above the 
water ; thence skirts the eastern margin of the lake, touching it in 
places, and was again recognized at Plunkett and Swampy islands, 
being there composed of an aggregation of boulders of Trenton 
and Archaean rocks. Many of the islands to the south of these 
two last mentioned are also probably morainic, but they have 
not yet been examined. 

North of Swampy island this moraine has not been followed, 
and as it was doubtless deposited in a considerable depth of water, 
the material falling from the face of the glacier was probably 
scattered over a considerably area. It is possible, however, that 
George's island may be formed by it, and Eagle island, near the 
northwest extremity of the lake, is clearly morainic. 

Shore Lines. 

Ancient shore lines occur throughout the district from a hight 
of 1,440 feet above the sea on north Pine creek on the east face 
of the Duck mountain to about 750 feet above the sea around the 
margin of lake Winnipeg. In their southern extension, these 
ridges have already been described and classified by Mr. Warren 
Upham in his description of lake Agassiz. 

In the lacustral region they have been followed by the writer 
most continuously along the face of the Duck mountain where 
they form long, unbroken ridges of gravel or sand from Mly to one 
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hundred and fifty feet in width. The pebbles in the gravel are 
nowhere large, not having 1>een met with as large as a hen's egg, 
and on the face of the Duck mountain they are l^eautif uUy assorted, 
becoming finer as the ridges are followed north from Valley river. 
At Drifting river the}' are about as large as pigeons' eggs, at 
Fork river about as large as peas. At Duck river the ridges are 
composeil of sand. This gradual diminution of the size of the 
pebbles was tracetl especially in the ridges that at the Valley river 
have elevations of 1,1 3o and 1,084 feet respectively. Farther 
north, along the face of .the Porcupine mountains, the ridges 
wherever examined were composed of sand and fine gravel. 

Between the Manitoba escarpment and the lakes ancient beaches 
have been found in but few places, and in some of these they ap- 
peared to be discontinuous while in others they were not followed. 
At one of these places on Pine creek a well-defined ridge of gravel 
is determined bv the old location of the Canadian Pacific Railwav 
to have an elevation of 960 feet None of the beach ridges, 
however, are stronger than those around the adjoining lakes at the 
present day, and some spits and bars on the shores of these lakes 
are much larger than any of tliose seen around the basin of the 
extended glacial lakes. 

One of the most interesting monuments of ancient shore phe- 
nomina in the whole district is Kettle hill, on the south side of 
Swan lake. This lake has an estimated elevation of twentv-seven 
feet above lake Winnipegosis or 855 feet above the sea, and the 
bill which appears to have been largely composeil of Dakota 
sandstone rises 275 feet above it. On the face of this hill are 
five distinct terraces representing six different shore lines at eleva- 
tions of 020, 055, 995. 1,015. 1,070 feet alK)ve the sea, those at 
955, 995 and 1.070 l>einjx most stronglv markeil, the last l>einor 
the most distinct. 

On the north side of lake Winnipegosis the e:\stem Mossv 
portage is a gravel ridge rising at its extreme summit 93 feet 
alwve the surface of that lake, or 921 feet alcove the sea. Just to 
the southward, the north shore of the lake rises to the top of the 
portage by three distinct steps 27, G3 and 93 feet in higbt. The 
last is the summit of the |K>rtage ridge, and the first is the summit 
of another well markeil gnivel ridge l^hiud which is ixvasiouallv 
a trough ten feet deep, marking a shore line alK>ut 15 U^\ alK>ve 
the present hight of the lake, or S43 alnne the sea. This shore 
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ine is also well seen at Point Brabant and other places along 
the east side of the lake. When the water stood at this level lakes 
Manitoba and Winnipegosis were joined across the Meadow port- 
age, and the beach is therefore to Ije looked for around the former 
lake. It is probably represented by the ridge in the grove behind 
Manitoba House, though the exact hight of this ridge was not 
determined. On the line of the tramwa}' at the Grand rapids on 
the Saskatchewan river four well defined ridges of rounded gravel 
occur at the hight of 140, 95, 90 and 80 feet above lake Winni- 
peg or 850, 805, 800 and 790 feet above the sea. 

At Ox Head, near the northeastern extremity of Black island, an 
ancient beach is very conspicuous at about forty feet above the water. 
On the south side of the island the beach is marked by a line of 
sand dunes, and on the north side a sandy terrace rises gently to 
a hight of fort}- feet and ends abruptly at the foot of a steep slope 
thickl}' strewn with lx)ulders. On ascending this slope the land 
is found to rise to a hight of 100 feet above the lake and its sum- 
mit to consist of an irregular aggregation of knolls thickly strewn 
with large boulders of gneiss, ver}^ few or none being derived from 
the immediatel}' adjoining and underlying Keewatin schists. This 
ridge is the summit of the Black island moraine which would seem 
to have been dropped here when the higher parts of the island 
were above the surface of lake Agassiz, as there is no sign of water 
action on the moraine abw^e the line of the forty-foot beach. It 
is possible that the moraine may have been deix)sited alx)ut the 
water level, and that the water afterwards rapidly receded to a 
height of forty feet above the present lake. 

Delta deix)sits occur at the moutlis of all the wide valleys open- 
ing into the west side of the lacustml plain, but unlike the delta 
of the Assinilx)ine they nowhere extend eastward beyond the 
general line of trend of the escarpment. 

Alluvium. 

The Red River valley south of north latitude 50° is thickly 
covered with alluvium, evidently thicker near the river than far- 
ther away from it, its thickness at Rosenfield being 125 feet, 
while at Mordeu, twenty-four miles farther west, and just at the 
foot of the Pembina escarpment its thickness is onl}* 15 feet. 

North of latitude 50° a soft blue alluvial clav overlies the 
Archaean rocks along the whole of the east shore of lake Winni- 
peg beyond Winnipeg river, ranging in depth from 5 to 30 feet 
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It is generally more or less distinctly stratified and at its base in 
many places contains transported boulders. It also forms the 
north shore of the lake as far westward as the base of the sand spit 
that bounds Limestone bay on the south. The western side of 
the lake has not 3'et been sufficiently examined to say to what 
extent the older deposits are there covered with alluvium. 

In the western portion of the lacustral basin Prof. Hind re- 
marked as long ago as 1859, speaking of the *^Big Ridge of the 
Assiniboine " which has been called by Mr. I'pham the Ossowa 
beach, that * < between this ridge and the Assiniboine the land is 
eminently rich and fertile ; be3ond the ridge north, it is described 
by the half-breeds as wooded, sandy and poor. "* Around lake 
Manitoba and Winnp^osis, there is comparatively little alluvium, 
the countr}' in many places being immediately underlain by till. 

Lake Agasnz, 

In the absence of any evidence of a land barrier to the north 
and east sufi^cicntly high to hold back the waters of the lake whose 
receding shore lines are marked by the beaches mentioneil above, 
Mr. Upham has suggested that the water was held between the edge 
of the recetling glacier of the Winnipeg valley and the Manitoba es- 
carpment, and to this Ixxly of water he has given the name lake 
Agassiz. As to the extent of this lake south of the present 
southern shores of lakes Manitoba and Winnipeg, nothing can be 
added at present to what is given by Mr. Upham in his recent 
report to the Canadian Geological Survey. Of the lacustral re- 
gion ver}' little evidence was at hand, and the generalizations from 
that evidence were clearly of a preliminar}' character. 

Instead of assuming that lake Agassiz at any time covered an 
area of 110,000 square miles, as stated by Mr. Upham, let us 
consider the hj'pothesis that it was never at an}- time of enor- 
mous size, but rather that it was a belt of water, sa}' as wide as 
lake Manitoba now is, lying along the foot or edge of the glacier 
and quite possibly with a large expansion towards the south. 
Under this hyix)thesis the lacustral area was covere<l with the 
Manitoba glacier while all the more elevateil beaches were being 
formed, and how far south this glacial lobe extended at any par- 
ticular time it is impossible to say, since its foot was washed b}* the 
waves of the lake, and the coarser morainic material that dropped 

*Pap«'rs n'lative to tho exploration of tlio country between lake Sup- 
erior and the Red river settlement, pa^e KMJ, folio London, Gov., 1859. 
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to the bottom was afterwards covered with a sheet of fine alluvium, 
just as has occurred in the deposition of the alluvial clay on the 
east shore of lake Winnipeg. 

While the face of the glacier was not far removed from the 
Manitoba escarpment, and when in places the highest beaches 
were in process of formation a sand delta was deposited in front 
of the mouth of Short creek in the depression now drained by 
Valley river. While the sand plain was being formed here the fine 
material brought down by the river would, under ordinary con- 
ditions, have been earned out into the lake and have formed a 
fringe of alluvial clay which would now be found covering the 
lower country. This does not appear to have been the case how- 
ever, for but a few miles from the front of the sand plain of the 
delta, gravel ridges rest directly, or almost directly, on the till, 
and it is probable that the finer alluvium was spread out for a con- 
siderable distance north and south from the mouth of the old delta- 
forming river. 

As the glacier, in its intermittent recession, drew back from the 
escarpment, the lake followed it, dropping more or less suddenly 
from beach to beach, and probably being drained northwestward 
as well as southward. A northerly current in tlie lake or a con- 
traction in its width is clearly evidenced on the face of the Duck 
mountain by the gradually diminishing size of the pebbles of 
which the beaches are composed as they are followed towards the 
Swan river valley from the Riding mountain ; the general small 
size of the pebbles is also remarkable as larger pebbles and 
boulders are found in the underlying till. The absence or scarcity 
of boulders on these beaches has already been recorded by Mr. 
Upham and the writer, and has been adduced as evidence that 
lake Agassiz did not freeze over, but even then it is difficult to 
conceive why masses of ice laden with boulders should not be 
thrown on the shore. Dr. Dawson has suggested that the water 
was at no time sufl^ciently deep to float icebergs, and it is pos- 
sible that this may be one reason for the difference between these 
old ridges and the present beaches of lake Winnipeg. Tlie 
beaches are almost unbroken, and are rarely more than ten or 
fifteen feet in hight. These facts lead to the supposition tliat 
they had not been acted on by waves such as would be generated 
on a lake with an area of more than 100,000 square miles, for on 
the shores of any of the three adjoining lakes of comparatively small 
dimensions, higher beaches composed of larger pebbles are of com- 



28 The American Geologist. July, i89i 

mon occurrence and are more or less constantly broken by the 
waves. When the Manitoba lobe retired to the north and east of 
the country now partialW occupied b}- lakes Manitoba and Win- 
nipegosis leaving boulders thickly scattered over the surface, the 
water stood at least eight}' or ninety feet above the present level 
of lake Winnipegosis, but it does not appear to have stood at this 
height for an}- great length of time, since, in the northern portion 
of the region especially, little or no alluvium has been deposited 
over the till and paleozoic rocks. In receding from this hight 
the water has left two moderatelv well marked beaches, that 
fifteen or twenty feet above lake Winnipegosis being possibly rep- 
resented farther south by the Ossowa beach, and northeast by 
the highest beach at the Grand Rapids. During this and the 
succeeding period when the waters stood at the level of the triple 
beach at Grand Rapids, from 80 to 95 feet above lake Winnipeg, 
the ice foot appears to have extended down the middle of lake 
Winnipeg, and it was towards the end of this latter period that 
the moraine was formed across the summit of Black island. 
The ice then receded to the higher land east of lake Winnipeg, and 
there is no farther necessity' for assuming an ice-barrier in that 
direction. 

The next time that the water came to a standstill it would 
seem to have been about fort}' feet above the present level of the 
lake, and the channel of drainage was probably through a wide 
valley extending northward from Limestone bay. 

It was during this last recession that the smooth glaciated sur- 
face of the archsen gneiss and schists on the eastern side of the 
Winnipeg basin was strewn with boulders fallen from the face of 
the glacier, and when the glacier had retired these boulders were 
covered by and imbedded in a soft blue clay, in which have since 
been formed many thin disc-like calcareous concretions. This clay 
doubtless consists of the finer material brought down by the gla- 
cier, and spread over the adjoining lake floor by the action of 
the water. As far as seen, it everywhere lies on the smooth gla- 
ciated surface of the Archaean gneiss and schist, and is not under- 
lain bv till. 

From the above considerations, which have l)een verv briefly 
stated, it would apj)ear pmbable that lake Agassiz was not at any 
time of verv vast extent, but rather that it was a margin of water 
of varying width lying along the face of a great glacier which 
was retiring down a gradually declining plain. 
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ON A LEAF-BEARING TERRANE IN THE LOUP 

FORK. 

By F. W. Cragin, Topeka, Kansas. 

An interesting leaf-bearing terrane occurs in the Loup Fork 
Tertiary, on branches of the North Canadian, or Beaver creek, in 
the »* Public Lands." Its outcrops, so far as now known, are on 
the south side of the stream. The locality is near Alpine, and is, 
by wagon-road, between thirty-five and forty miles southwest of 
Englewood, Kansas, the nearest railroad point. It has been 
known to the wiiter as a leaf -bearing locality since the spring of 
1888, from an impression of a large Platanus leaf preserved on a 
block of fine, white, chalk-like rock and which was presented to 
him by 3Ir. Henry Fares, with the statement that the locality 
abounded in fossil leaves and that fish remains occurred in the 
same deposits. 

In texture, this rock resembles certain fine, white phases of the 
Niobrara chalk of western Kansas, being quite free from the sand 
which, of a fine sort and in small proi>ortion at least, is an almost 
invariable constituent of the lime-like variety of the Loup Fork 
rock known in western Kansas under the names of '* native lime," 
< < poor man's plaster, *'* * ' gypsum, " and ' ' gyp. " A sample sub- 
mitted to an eastern zoologist, for microscopical examination, was 
reported to contain *<coccoliths and rhabdoliths. " This rei>ort 
was unfortunately incorrect ; but on the strength of it, the writer 
provisionally referred the leaf-bearing chalk-marl of Alpinet to the 
Niobrara Cretaceous, regarding it as an example of chalk formed 
near land, and hence probably in water of moderate depth. 

In June 1890, the writer was for the first time able to visit the 
locality from which the leaf had been taken, and found that the 
supposed chalk was a lacustrine marl^ yielding Planorhis, Sphce,- 
rium, crushed specimens of an Anodonta or Unio^ and the scales 
and spines of percoid fishes. 

The slopes of the Beaver, in the vicinity of Alpine, are formed 
chiefiy of Tertiary deposits, immediately underlaid by gypsiferous 
re(i-beds, of supposed Triassic age, which crop out to the north- 
eastward in the Cottonwood cafion and at the mouth of Crooked 
creek, and again to the westward and southwestward on the 
Beaver and on Clear creek, near Beaver City, the Clear creek 

*Th!s namo is applied also to massive gypsum in Barber county, Kan. 
tBulletIn Washb. Coll. Lab. Nat. Hist., Vol. 2, p. r,7. 
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outcrops bearing a thick bed of massive gypsum. Loup Fork 
mortar-leclges, bearing teeth of Hippotherium spectosum, etc. , out- 
crop at many places, and Quartemary deposits, yielding remains 
of MiMstodoHy occur along the larger streams and draws. Sand- 
hilts, produced chiefly by the decomposition of the Loup Fork 
mortar-rock and the drifting of its less soluble constituents, occupy 
a lower portion of the slope on the north side of the Beaver. 

The leaf-bearing marl has a number of outcrops south and 
southwest of Alpine. That especially examined is a rather steeply 
inclined bed, closely related stratigraphically to a ledge of ordi- 
nary Loup Fork mortar which yields teeth of Hippotherium. It 
is more or less stratified to laminated parallel with its inclined 
upper surface. Lithologically it is a white calcareous to siliceo- 
calcareous rock, composed of impalpably fine substance, and more 
or less indurated, according to the proportion of chemically com- 
bined silica. The purest parts of this bed have the earthy frac- 
ture, soft smooth feel, easily finger-smoothed surface, and general 
physical appearance of chalk. Other parts have a stony hard- 
ness and the texture of fine-grained limestone. Portions of neigh- 
boring outcrops are decidedly siliceous, resembling in texture lith- 
ographic limestone, or even chert. The harder varieties, in 
keeping with their highly siliceous character, break with conchoidal 
fractureL In the softer, and sometimes in rather hard varieties 
of the marl occur chert-like concretions, the larger of which reach 
a diameter of two or three feet These are usually sharp-outlined 
oblate sphefoitls of perfect s\~mmetry. though sometimes irregular. 
They break with conohoiiial fracture into exceedingly sharp- 
etigeii segments, the fresh surfaces of which have the color of 
mUk-trimmeil coffee, bleaching to white under the weather. 

Attempts at using the nx^k for buiUUng purposes, by selecting 
intermeiliate varieties, have proveil unsutvessful. The softer vari- 
eties ommble : the harvier are too brittle, crackim: into conchoidal- 
faced segments upon prolougeil ex^x^ure to the elements^ There 
occurs, however, in this district, still another phase of rock of the 
Loop Fock which is more like onlinary stone in its relation to 
pciocicil purp^ises. Tuis is a ov^mpaot silioeo-<tilv.'arec»as breccia. 
almcist entirely ov^m|x>5evl vxf br\>kon shells ami siliceous shell-oasts 
erf a species of F'jr^.rf U : it answer? fairly for wcU-curbiug, foun- 
datioQs, etc. 

Certain ferrucinoas bevls also wore 5<vu iu :h;s distrio:, and are 
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presumably referable to the Loup Fork ; but these were not ex- 
amined closely. 

In the chalk-marl proper, and in the harder and softer phases 
alike, occur dicotyledonous leaves, diatoms, fish-remains, and 
molluscan shells. In the midst of the best-observed outcrop, is 
a local parting or stratum of laminated chocolate-colored shale, 
the relation of whose laminse to those of the chalk-marl proves it 
to be a genuine member of the latter, and not an intrusive deposit 
of later date ; and in this shale, the writer found, together with 
molluscan remains similar to those in the chalk-marl proper, and 
two undetermined genera of aquatic or marsh-plants, the proximal 
end of an ulno-radius which is apparently referable to one of the 
Camelidce^ and in any event, to an animal as large as Procameltu 
occidentalism and which had the distal portion of the ulna and 
radius completely coOssified. This bone has the same chocolate 
color as is seen in the shale itself, and a tooth of Hippotherium 
speciosumj which was picked up in a gully in the marl-bed, shows 
a state of preservation and color so similar that it can only have 
come from the same shale. The ulno-radius itself, however, set- 
tles the age of the leaf-bearing marl. Whatever be the genus or 
species, it indicates an ungulate limb of such a kind and degree 
of specialization as, taken in connection with the size, would be 
inconsistent with its reference to any epoch earlier than the Loup 
Fork. That the marl is not later than the Loup Fork, its strati- 
graphic relation to the associated Loup Fork Hippotherium-bearing 
mortar clearly shows. 

The white marl itself contains a variet}' of leaves which are, in 
part, such as it is a surprise to find associated with late Tertiary 
mammalian remains, and which promise to shed some light on 
the age of certain Rock}- Mountain leaf-bearing horizons. The 
forms of leaves thus far collected from the Alpine chalk-marls are 
identified as follows : 

1 — Platanus sp. indet. , 2 — Platanus aceroides GOpp. 

3 — Salix angustata A\. Br., 4 — Sapindus sp. indet. ^ 

b^Populus greviopsis Ward, 6 — (?) Popidus sp, indet. 

7 — Credneria daturvefoUii Ward. 

Some of the leaf-impressions in this marl retiiiu more or less of 
the lignitized woody material of the leaf, giving a black color to 
those in which a considerable amount of carbonaceous substance 
is thus retained. 
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No. 1 is a veiy large leaf with obtuse teeth ; it measures eight 
and a half inches in breadth. No. 5 might be referred to Grevi- 
opsis popuUfolia Ward, as well as to the species to which it is 
here assigned ; and, indeed, the generic and specific distinctness 
of these forms seems doubtful. No. 6 is an ovate-cuneate form 
which bears no small resemblance to two somewhat larger leaves 
in the museum of Washburn College from alleged Laramie beds 
at Trinidad, Colorado. The identity of No. 7 with the species 
which Ward has described from the white marl bed foi*ming the 
summit of the "Fort Union " beds of Seven-Mile creek, Montana, 
under the name of Oredneria daturcefoUa^ admits of no question, 
whatever doubt may exist as to the propriety of referring the 
species to the genus Oredneria. 

The occurrence of this species in the Loup Fork Tertiary is of 
unusual interest. In Volume I. of the Fortieth Parallel Reports, 
published in 1878, King wrote, << I apprehend that the plant hori- 
zon at Fort Union will be found to be nothing but the northward 
extension of the White River Miocene. " Whatever be the ago 
of the lower part of the Seven-Mile creek beds, the occurrence of 
Oredneria daturcffolia in the Loup Fork indicates not only that 
the white marl cliff which forms the summits of those beds is 
probably referable to an epoch not earlier than that indicated bj' 
King, but that it may well be reexamined with a view to its pos- 
sible referability to the Loup Fork. 

A curious palseontological feature of the Alpine chalk-marls is 
the apparent evidence of a certain degree of brackishness in the 
waters of the great lake. 

Following are the names of the diatoms identified by Rev. Fran- 
cis WoUe, of Bethlehem, Pa., in a sample of the marls sent him, 
together with his notes on the habitats : 

Cymbella cistuUi Hempr. — More frequently fresh-water than brackish. 

Navieulu pcrcgrlna. — Brackish water. 

" teiiclla Breb. ) These two may be forms of Schlzoyuniuii 
'* Innccolnta Ktz. ) hence marine. 

Cosclnodiscus wofjdwfirdi Eilenstein. — This is the most decidely ma- 
rine. 

Mchislra (jramUata (Ehr.) Ralfs. — Brackish or marine water. 

The Loup Fork calcareous sandstone has been universally called 
a fresh-water deposit. This view is no doubt essentially correct ; 
3'et the influence of the gypsiferous and saliferous "red-beds'* 
floor of the Indian Territory district of the lake may have im- 
parted locally a somewhat brackish character to the lake-water. 
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THE OZARK SERIES. 

By G. G. Broadhead, Golumbia, Mo. 

In the Geologist for January and September 1889, the Ozark 
plateau was discussed by myself as to its elevation and extent. 

In the Missouri geological report, 1855, Prof. G. C. Swallow 
published a vertical section of palseozoic rocks, which has suf- 
fered but few corrections. As corrected, it is about as follows: 

Upper Carboniferous 2000 feet 

Lower Carboniferous to base of Burlington 1145 

Chouteau group 205 

Devonian 125 

Upper Silurian 175 

Hudson River group 165 

Tienton and Black River limestones 360 






MAGNESIAN LIMESTONE SERIES. 

First Magnesian limestone 190 '* 

First or Saccharoldal sandstone 125 " 

Second Magnesian limestone 230 

Second sandstone 70 

Third Magnesian limestone 350 

Third sandstone 50 

Fourth Magnesian limestone 300 
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This series of magnesian limestones is known in Missouri by its 
numbers; the *» First" is rarely found in central-southern Missouri, 
excepting on the most elevated points, but it is better developed 
in the counties bordering the Missouri river, occurring as a gray 
or buff or drab limestone, sometimes oolitic as near Horifie in Jef- 
ferson county, or abounding in Cythere suhlcevis^ as at Pacific, in 
Franklin county. The First, or Saccharoldal sandstone reaches 
its greatest thickness near Augusta, St. Charles county, where it 
is 133 feet thick. A corresponding thickness was recorded in the 
boring at the Insane Asylum, St. Louis. Its upper part is white 
and pure silica, its lower part often colored brown. It is the 
equivalent of the St. Peter's sandstone. The only evidence of 
organic remains found in it is a large Orthoceras, about 8 inches in 
diameter. 

This sandstone is valuable as a material for glass-making, and 
the glass-works at Crystal C ity, in Jefferson county, are located at a 
favorable outcrop. The Second Magnesian limestone is well ex- 
posed at Jefferson City, and includes all the strata in sight at that 
city. The lower beds are thick and cellular, the small cells filled 
with a white powder, or else empty. Above these there is a good 
deal of chert occurring mostly in a concretionary form, together 
with some shale, and earthy drab-colored magnesian limestone 
beds, locally called "cotton rock." But a small per cent, of this 

3 
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is suitable for building. Fossils are not abundant Those found 
area Lingula (like L. prima Hall) an Ophihta^ and Pleurotomaria, 
At the base of the hill at Hermann, a trilobite (probably Conty- 
cephalites), an Orthitj &c., were obtained. 

The Second sandstone occupies the tops of the hills in Madison, 
Washington, Re3'nolds, and some other counties, and is apparently 
replaced by certain chert beds in those counties. This sandstone 
is coarser than the First sandstone, and is often slightly colored 
with iron, and is often a firm, solid rock, useful for building pur- 
poses. The Third Magnesian limestone occupies the base of 
nearly all the hills of southern Missouri, sometimes reaching to 
the hill tops. It occurs chiefly in thick beds of coarse, gray dolo- 
mites, or finer textured flesh-colored layers, the latter sometimes 
as much as 20 feet thick between the bedding planes. The coarse 
gray dolomites often disintegate and weather into rough surfaces, 
and at the lead mines decompose into dolomitic sand. 

The Third sandstone was recognized by Prof. Swallow, on the 
Osage and Xiaugua rivers, in Camden and Dallas counties. 

A part of this series may be referred to Prof. Dana's Canadian 
period. 

The First Magnesian limestone lying below the Trenton group, 
mav be Lower Silurian, and some have considered it to be 
of the age of the Chazy; in the absence of fossils it is not easy to 
assign it to its proper place. The series below, including to the 
base of Second sandstone, and probably part of the Third Mag- 
nesian limestone, may he considered of equal age with the Calcif- 
erous of the New York system. The Lower part of the Third 
Magnesian limestone may probably be of the age of the Potsdam, 
and the other strata below seem certainly to be of Potsdam age. 
The Second Magnesian limestone and the other series below to 
the Arch«an seem to correspond with the description and position 
of beds referred to the Upper Cambrian by Mr. C. D. Walcott 
So. whatever may be the true geological position of this series of 
rocks, they belong to different periods of geologic time. I there- 
fore, for this reason and from the similarity of the composition of 
the rocks, think best to place them in one series, and call that great 

series 

'*The Oz.vrk Series" 

Distributed as follows: 

First Magnesian limestone. 

First or Saoeharoidal sandstone — St. Peter's sandstone. 

Second Magnesian limestone. 
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Second sandstone. 

Third Magnesian limestone. 

Third sandstone. 

Fourth Magnesian limestone. 

The term Magnesian has been applied to rocks of other ages, 
and, for that reason, has not been well taken. The term Ozark, is 
pecnliarly well adapted, for it Includes rocks that are not only 
found amid the Ozarks, but are there better developed. 

In south-eastern Missouri certain members of the lower part of 
the series are wanting, and the Third Magnesian limestone is not 
well separated from a lower limestone which may be the equiva- 
lent of the Fourth. The lowest rock near Mine La Motte is a 
sandstone which, near Fredericktown rests directly upon granite. 
There are also occasional exposures of a variegated red, purple, 
buff and drab marble whose position is above the sandstone. 
Above the marble beds are gritstones and magnesian limestones 
and dolomites which are the lead-bearing rocks of Madison and St. 
Francois counties. These lower limestones contain Lingulella 
lambomi of Meek at several places. If that fossil is of Potsdam 
age, then these lower limestones and sandstones are of Potsdam 
age. The marble beds have occasionally furnished beautiful 
polished slabs of marble. Nearly 35 years ago Mr. Henry Cobb, of 
St Louis, had a quarry of it opened near Irpnton, in Iron county, 
and attempted to bring it into notice. He termed it ** Ozark" 
marble, and in deference to him I will still use the name. The 
series in Iron, Madison, and St. Frangois counties is as follows: 

Ozark Seriis. 

Second sandstone — on hill-tops with chert 125 feet 

Third Magnesian limestone with chert and quartz. . . 225 

Gritstone and Lingula beds 50 



(( 

Ozark Marble beds 25 ** 

Lower sandstone and conglomerate 90 

The above series rests on Arcluean porphyries and granite. 
University Columbia, Mo,, April, 1891. 
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SOME RECENT GRAPTOLITIC LITERATURE. 

By R. R. GuRLEY, U. S. National Museum. 
Besides several minor papers* the graptolitic literature of 1890 com- 

•De Rouville, Prof. P. G. Note sur le presence du Pleurodictyumnrohlematicum 
dans le Devonian de Cabri^res et Hur un iioavel horizon de Graptolites dans 
le SiluriCn de Cabri^res ; Bull. Geol. Soc. France, XVllI, pp. 19G-97 (Notes dis- 
covery of an ArCnig fauna). 

DodKe, W. W. Some Silurian Graptolites from Northern Maine ; Am. Jour. Sci., 
XL. pp. 15^65 (Notes occurence of the Norman's Kill fauna iu Penobscot 
Ck)imty). 

Nicholson, H. Oliphant. Notes on the discovery of Trigonograpttu ensiformis. 
Hall (sp.) and of a variety of JJidymograptus V/ractus Salter in the Skiddaw 
slates; Geol. Mag. VII, pp. 34(M4 (Describes /). V'fractus var. volucer, var. 
nov.). 
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prises four papers of some length, an abstract of which is attempted in 
the following pages. As will be seen all arc the work of foreign 
authors. 

Ueber das alter d. So{jcn OraptoUVien-Ocstcifis jnit besonderer Be- 
riickslchtigung der in dewielhen eiithalUniai OraptoUthcn; by Otto JakeL 
Ztschr. d. deutsche gcol. Ges., XLI, pp. 653-716 ; Berlin 1890, 

The Gestein, the author tells us, belongs unquestionably to the Upper 
Silurian. The only question is as to its exact horizon within that sys- 
tem. After reviewing the opinions of. previous workers he expresses 
his belief that the Graptolithen-Gestein finds its equivalent in various 
horizons of the Wenlock Shale. 

The Graptolitcs of the formation are next considered. At the outset 
(p. 660) the author mentions Barrande's division of the Graptolites into 
the one-rowed and two-rowed. He further tells us that all true Grapto- 
lites are still classified in accordance with this scheme. This state- 
ment does not indicate a profound acquaintance with the later grapto- 
litic researches and especially with that masterly series of memoirs 
which has made Professor Lapworth's name to the present generation 
of graptolithologists what those of Hall, Barrande and Geinitz were to 
the preceding. Indeed we have hardly met with another recent paper on 
this group from which the name of Lapworth is so conspicuously ab- 
sent. Correlated with this peculiarity is the slight esteem in which the 
author holds the sicula, which might not inaptly be termed the organ 
of Lapxcorthy so closely is it associated in the mind of the graptolitholo- 
gist with his researches. In short, throughout the whole memoir the 
subject is treated from the standpoint of Nicholson's Monograph of the 
British Graptolitidje, a work which represented the high water-mark of 
the science at the time of its publication (1872) but which, we are sure, 
its own author would not recommend to Herr Jakel as a modern text- 
book on Graptolithology, so great has been the progress of our knowl- 
edge during the last eighteen years. 

Returning to the text we find that, apparently misled by the fact that 
yfonograptus., Geinitz, has obtained currency to the exclusion of ^fo7W' 
priony Barrande, in defiance of, and not in accordance with, the rule of 
priority, Herr Jakel tells us that: "The generic name Monograptus 
previously employed by Geinitz has been used by the later authors in 
place of Monoprktn of Barrande and in the same sense as the latter."* 

We regret to find ourselves as little able to agree with Herr JSkePs 
views as to the conditions of life of the Graptolites as wo were to admit 
the correctness of the statements quoted. He discusses at some length 
the subject mentioned and concludes that the true Graptolites must have 
been fixed. His reasons for this divergence from what we take to be 
the consensus of two generations of observers is his inability to under- 

• M. Barrande described Diprion and Monovrion in 1850. In 1852 Dr. G^einitz, 
remarking tliat Z)/>nV);nvas preocoupit'd. employed Professor M'Coy's term" Diplo- 
grajftds in its place. In tliis eonnection lie sai<l tliat Monoprion nuLst be changed 
to jfonoaniptds (or harimmy {El It khni a), l^ater tlie powerful infiuenceof Prof. 
I>iip\vortli has secured its retention, lie Kriv«»s liis reasons for favoring it inntead 
of liarrande's name (which lie admits has priority) in Ids memoir on tne Scottish 
Monograptidie U't*o]. Mag., 1876, 111. pp. 310-11). It is probable that Lomatoceras 
(Brown. 18.'Jo-7, 1-etli. Geogn. I, pp. 55-()), should sui>ercede them all. 
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stand in what way the heavy polypary could have been moved. Wave 
action being excluded ( *Hhe Graptolites were deep-sea dwellers" ) flota- 
tion could only be secured, he argues, through swimming movements of 
the zooids or by the possession of a hydrostatic apparatus. The possi- 
bility of movement by the former means is regarded as very improbable 
in view of the independence of the cells, their opening upon one side 
only, and the form of the stem on the other side. No less improbable, 
he thinks, is the assumption of a hydrostatic apparatus. It is asserted 
that such could oqly have been the central disk. Herr J&kel rejects the 
possibility of such a view of its function as the cells would necessarily 
have been directed downwards, a condition which, he tells us, has never 
been observed in the analogously constructed living colonies. 

On the other hand, by assuming these organisms to have been fixed we 
can, he thinks, form a ** simple and natural picture "of the genus D\cty- 
onema with the ** cell-less net*Mmbedded in the mud and the cell-bearing 
branches projecting with the cells directed upward. Possibly this may 
possess the merit of simplicity, but the fact is that the ^^ cell-less net " 
has no existence. If Herr J&kol will consult BrOgger's memoir* 
he will find that the branches in Dictyonema are thecaphorous 
along their whole length; although they may apparently lack thecae in 
any portion from unfavorably directed pressure. The central disk is 
also by Herr Jakel regarded as mud-imbedded. 

The sicula receives little notice. It indeed furnishes opportunity to 
quote Professor Nicholson's Monograph again to the effect that the 
radicle ( sicula) was present certainly in some and probably in all cases. 
Wc are then told that ** when this probably shall have been actually 
made credible through numerous and not as heretofore by *some cases,* 
I would ask whether this organ may not be regarded as the foundation 
of the stem and have served for preliminary imbedding until, the lateral 
spreading of the * cell-less root ' or a broad disk moored it securely." 
Ck)nsidering the overwhelming mass of evidence showing the sicula to 
be the embryonic stage, so to speak, of the graptolite, it is only neces- 
sary to remark that in some genera the sicula is so imbedded in the 
substance of the polypary that it could not have been studk in anything. 

For his next theory the support of Prof. HalPs authority (under date 
of 1865) is invoked. This time it is a revival of the view that the 
Monograptidse are fragments of compound forms; another defunct 
hypothesis which.natural enough for the date at which Prof. Hall wrote, 
lacks the slightest trace of support from later investigations. 

We arrive now at the proposed subdivision of the genus Monograptus. 
We are here reminded very strongly of the methods of securing a change 
of dynasty in vogue in some of the South Sea Islands. When a king 
becomes aged he is told by his son that he in his turn wishes to mount 
the throne. The old monarch acquiesces and a funeral procession is 
formed which escorts hlra to his grave. Some such custom seems about 
to be introduced into our midst. With regard to Herr .Takers proposition 
to divide the genus Mo7iograptu8 we have nothing to say. It is not the 

sBroffser, W. C, 1882, Die silur Etagen 2 & 3, im Kristianiasrebiet. 
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division, but Herr Jakel^s mode of dividing that excites our apprehen- 
sion. Instead of the customary gemmation we are introduced to a pro- 
cess of nomenclatural fission which we confess is new to us. Its chief 
characteristic seems to consist in the entire disappearance of the original 
genus. We cannot but pronounce it a most flagrant violation of the 
rules of nomenclature. 

The genus Pristtograptus (one of the two unnatural offspring which 
have thus devoured their parent) is characterized by an axis straight or 
bowed outward, a free mouth opening formed at the expense of the bev- 
elled upper lip ; thecal processes when present are found upon the under 
lip. 

In Pomatograptus (gen. n.) on the contrary the axis is straight or 
curved inward, the mouth opening small under the over arching upper 
thecal lip. 

Herr Jakel closes his remarks upon classification by the following 
italicised paragraph : 

**T?ii8 highly interesti'ng case (the above ^ parallel^) wUh many others 
shows that the one-rowed and more-rowed OraptolUes are not systematio- 
ally separable but are to he classified phylogenetically and naturally from 
a higher point of vieic," 

The description of Retiolites which is perhaps the least faulty portion 
of Herr Jakel's article terminates the section devoted to Graptolites. 
At the outset Herr TOrnqulst^ feels compelled to except to the author'^ 
statement. He says : Little if anything is added to our knowledge of 
the generic structure beyond the points elucidated by the Swedish 
paleontologists during the previous decade. We need only mention the 
author's proposition to classify RetiolUes geinOzianus along with Pristo- 
graptus (Monograptus). 

Herr J&kel tells us (p. 666) that after acquainting himself with spe- 
cial literature of the Graptolithen-Gestein he found it impossible to in- 
form himself with regard to the ** almost numberless" species on record. 

While knowing little of the Monogrraptidae we detect some sinis which tend 
to make us suspicious of the new erenera. Herr Jakel believes tliat a classifica- 
tion based (principally at least) upon the characters of the mouth opeuiuff could 
be applied with advantafire to all graptolites, including "the two and more 
rowed." (p. 666.) Asrain; AH the various types of Monoerraptids find parallel 
forms as well among the two-rowed as amonf? the compomid forms." Rather 
unfortunately we think, he continues; "A very remarkable example is furnished 
by Monograptus teatia. Barr. which with its aberrant peculiarities possesses ita 
corresponding parallel form in Didvmoffraptvs bimucronatus Nich., and Didymo- 
graptus quaarimucroiiatuji Hall" (p. 666). Further readinpr (p. 676) shows this 
parallel " to consist in the possession by M. testis of two spines on the under lip. 
This peculiarity the author regards as worthy of generic cfistinction. Provision- 
ally it is left under Pristio graptus but he remarks tliat if the remaining graptolites 
should be classified along the lines he lays down tliis should form the type of a 
new genus. We confess to having little sympathy with such genera. 

iToruquist. Sv. L.. 1890, Unders<>kningar ofv. Siljansomradets Grapt., p. 7. 

" The very first lines relating to that genus [Retiolites]. 'Although tlie general 
structure of Retiolites yeinitzianus had already been quite correctly recognized 
and very aptly figured by Barrande and Siiss, it seems to me ' etc., seems rather 
incompreliensible, since it is known that Barrande and Siiss entertained entirely 
different conceptions of the structure of that genus and how sharply the former 
protested against the latter's interpretation of its rhabdosoma. The author seems 
to have taken no cognizance of what has been written in recent times on thia 
matter, for example, in as important a work as Tullbei*g's 'Skanes Graptoliter.' " 
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This we can well anderstand as the literature is quite large. Such ac- 
quaintance is however, no less a sine qua non for successful specialistic 
work in the graptolitic field than in other departments of science. 

The following new species are described : PristioQraptus frefpiens^ 
Pomatograptua pseudoprion, and P. micropoTna, 

Die OraptoWhen d, k, mineralog. Museum in Dresden^ by Dr. H. B, 
GeinUz, Mitth. k, min, geol. u proRhistor. Museum in Dresden, IX 
CasseU 1890, 

After many years spent in varied paleontological researches, Dr. 
C^einitz has once more turned his attention to the Graptolites. 

The present work is, he tells us, of the nature of a revision in the 
light of modern investigations of the material which formed the basis 
for his valuable Monograph of 1852.^ 

The Nereograpti are omitted in the present work. Those forms with 
an unsegmented canal as N, cainbrensis, Murch., Dr. Geinitz still con- 
siders nearly related to the living Pennatulines {Virgularia juncoides, 
Blainv. and Funiculina cylindrica Blainv.) Those with a segmented 
canal are regarded as allied to the living Nereis and Phyllodocet while a 
large number of the forms are ( as shown by Nathorst and others) to be 
considered tracks, etc., of worms. 

We notice that the author includes Rastri^tes ( also JakePs new genera 
Pristiograptus and Pomatograptu^ ) under Monograptus, Concerning 
the propriety of this arrangement we have no opinion to offer as our 
experience with the family MonograptidaB is practically nil and we only 
note the author's synonymy as it accords with his original views and 
differs from the consensus of present writers. 

More important, it seems to us, is the refusion of such genera as 
Climacograptus and Dlmorphograptus with Dlplograptus which thus 
again tends to include a series of forms whose only similarity is the 
possession in common of a double row of hydrothecaB. Dlmorphograptus 
seems, ( so far as we can judge from the studies of others ), to be a true 
transition from the Diplograptidae to the Monograptidae. It is of the 
greatest importance in showing us the futility of classifications based 
solely on the possession by some part of the polypary of a single or 
a double row of cells. Before the discovery of the forms included in 
this genus the Dichograptidas were looked upon as the ancestors of the 
MonograptidaB and were even considered monograptids solely because 
the hydrothecaB occur only on one side of the common canal. The 
modern improvements in classification form the corollary to recent 
researches upon the life history of the graptolites, and are in large part 
based upon the relation of the sicula to the remainder of the polypary. 

Relative to Clinuwograpus we must, while entertaining the highest re- 
spect for Dr. Geinitz dissent almost in toto from the following passage: 

" Little recrard is here taken of the scalariforms of various Grapotolites (origri- 
nating: througrh compression of the homy flexible polyp-stem) which Hall has 
united into the grenus Climacograptus since its possession by safely determinable 
species is little assured." 
The genus Climacograptus is by no means (as one would infer from the 

iGeinitz. H. B. Die Vereteinerunjfen der Grauwackenform. in Sachsen, ot<%, 
Abtli. 1, Die Graptoli then; Leipzig, 1852. 
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above ), founded upon, limited to, or in any specific way characterized by 
or connected with scalariform impressions. These impressions are com- 
mon to many genera but these genera do not for that reason become 
synonyms for ClinujucoQTa'ptu;^ as defined by its author. The charac- 
ter by which ClivMicoqraptuji is principally distinguished is the depres- 
sion of the hydrothecal mouths below the surface of the polypary. 

Passing rapidly over that portion of the memoir which deals with 
synonymy we are glad to see Step/ianograptii«, (Geinitz, 1866), noticed 
as having clear priority over both CcRYwgrapttis (Hall, 1868), and Hellr 
cograptua ( Nich., 1868), as its Just claims have heretofore been ignored. 
Like the other genera mentioned it was founded upon 8. gracilis. Hall 
OraptolUhus. 

We regret that Dlcellograptus Hopk., has not fared better than Clinui- 
oograpius. The definition given of Didymograptus is '* From a mostly 
short stalk (the sicula), extend in two opposite directions, sometimes 
nearer, sometimes farther from each other, Monograptus-like branches." 
Under it is justly included (and the author includes) the two genera 
DidymograptUH and Dlcellograptus which are universally, and we believe 
most Justly, regarded as belonging to two exceedingly distinct families. 
But the definition seems to us entirely too comprehensive. 

Amid the wreck of genera we are glad to recognize our old friends 
Phyllograptus and RetiolUes and to meet again on the excellent plates 
which accompany this work the assemblage of forms which has become 
classic through the labors of the two pioneers of graptolithology, Geinitz 
and Barrande. 

Undersohningar ofver Slljansomradets GraptolUer by Sv. Leorih. Tom,' 
quist. {Lunds Univ. Arsskrifttom. 26.) 

Previous writings are first passed in review. From forty species in 
1881 the number has been increased by a score. 

The order of the strata is as follows: 

MEMBER. STRATUM. 

Leptscna limestone ? Lcptasna limestone ? 



Retiolites slate 



♦True retiolites slate. 
♦Transition stratum. 

Rastrites slate ♦Various zones of Rastrilcs slate. 

Kling limestone Kling limestone. 

Red Trinucleus slate. 

Trinucleu. member J S'-J-rrnrrcus slate. 

Masur limestone. 

Bryozoa limestone. 
Chasmops limestone ■{ Cystid limestone. 

♦Flag limestone. 

♦Upper grey Orthoceras limestone. 

Upper red Orthoceras limestone. 

Lower grey Orthoceras limestone. 
I Lower red Orthoceras limestone. 
(^♦Phyllograptus slate and green limestone. 

Obolus limestone \ ^^^{"^ »^^^T^ limestone. 

( Obolus conglomerate. 

♦Have yielded graptolites. 



Orthoceras limestone 
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The Rastrltes slate is undoubtedly capable of subdivisions but the data 
are defective. A provisional arrangement of zones is proposed. 

The author is disposed to question the received opinion that the 
graptolites are closely related to the Hydrozoa as difficult to reconcile 
with the structure of BetioliteB as set forth by himself and Tull- 
berg. Relative to the structure of that genus ( R. geinUzianvs ) the 
views of the author are in complete accord with those of Mr. Holm 
given above. The relation of the last named species to Stomatograptus 
tcmtiuistU Tullberg is shown and the identity of Tullberg*s species with 
Retiolites grandU SUss, is established by comparison with specimens 
from SUss's type locality. RetlolUes obesus Lapworth he thinks should 
probably form the type of a new genus when better material is obtained. 

Passing rapidly over descriptions of species which possess little inter- 
est except for specialists we note the suggestion of Herr T5rnquist that 
the genus DidymograpUis be made the type of a new family, the Didy- 
mograptldaB. It differs from the compound dichograptids in having the 
sicula divided by a distinct wall from the two branches while in the 
dichograptids the sicula merges without distinct boundary into the 
thecaphorous hydrosoma. In DidymograpUis moreover the branches 
are given off at different levels reminding one of the alternation of 
theca-formation in the diprionidian graptolites. Further on ( under 
Phyllograptus densus, TOrnq.) wo find that the theca in Phyllagraptus 
are inserted at the same level in whorls of fours. The structure in this 
genus is thai of four monoprionidion poly paries soldered back to back. 
No distinct virgulae were observed. The author thinks some specimens 
show a sicula with the point thrust up into the proximal thecal cycle, 
but adds that this requires confirmation. 

Besides the above outline which contains the gist of such parts of 
Herr T6nquist's paper as are calculated to interest the general reader, 
this excellent essay abounds in descriptions which well sustain the 
character of the Swedish graptolites writings for accuracy of specific 
definiti6n and painstaking morphological study. 

The new species are : CUmograptus rohuatua, Tetragraptus cunmtua, 
Dldymograptus gracilis, D. decens, CUmacograptas inbenexus, Diplo- 
graptus belluliLS. In addition to these many previously described forms 
are figured and their synonymy considered. 

Ootlands Oraptoliter, by Gerhard Holm; Bihaivg till K. Sv. Vet. AK, 
Handl., 1890, XVI, Afd. IV, No. 7, , 2 pis. Also Reprint, Stockholm^ 
1890, 

This excellent paper contains the results of the author's studies of the 
graptolitic material from Gotland added to the State Museum, since the 
publication of Linnarsson's paper of the same name eleven years ago.* 

Linnarsson knew of but three species of Graptolites occurring in Got- 
land. Tullberg and LIndstrom subsequently increased the number to 
five. Mr. Holm has added three more so that the list now stands as 
follows: 

'Linnarsson G. Ofv. K. Vet. AK. Forli., 1879, No. 6, pp. 3-12. " 
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Dictyonema cervicorne (sp. n.) Monograptus subconicus, TOrnq. 

Dfctyonema abnorme (sp. n.) Monograptus dubius, SQss. 

Monograptus priodon Bronn. Monograptus sp. 

Monograptus priodon var. flemingii, Retiolites gelnitzianus, Barr. 
Salter. Retiolites nassa (sp. d.) 

Following in the track of Dames' and BrOgger's researches the author 
discusses the structure of the genus Dlctyoiiema, Particularly apt 
seems to us his views regarding the heterogeneous nature of the species 
usually referred here. For example we find in this genus a species 
(D. fktbelliforme) which is undoubtedly siculatey associated with species 
most of which are probably, and some of which are certainly not so. 
As he remarks the ( for graptolites ) unprecedented vertical range of the 
genus furnishes additional reasons for suspecting some of the generic 
references. We may, however, note that the siculate and non-siculate 
types occur at one and the same horizon. But a generic division cannot^ 
as Mr. Holm says, be satisfactorily established until the species are 
more thoroughly known especially in the proximal portion. 

Under the description of D, cermcome we are introduced to one 
of the most beautiful elucidations of graptolite structure that we 
have ever seen. The author imbedded a specimen in Canada balsam 
face down upon a slide, and then removed the limestone matrix by solu- 
tion with acid. Part of the wall of the funnel-shaped polypary was 
thus obtained in full relief with the parts in their normal relations. 

The thecae are seen to form one vertical row and to terminate in a 
long hay-fork like spine. Situated alternately on the two sides of 
these spines (and thus forming two vertical rows) are peculiar cup- 
shaped bodies, ( **by-thec8e") which are compared by the author to 
bird's-nests. They are divided from the thecae by a wall. It could not 
be ascertained whether any connection existed between these by-thec» 
and the adjacent thecae, or whether the former communicated with the 
common canal. He suggests that they may be gonangki. It is owing 
to this arrangement of the thecae in one vertical row along the inner 
face, and of the by-thecae in two vertical rows along the lateral faces of 
the branch that when looked at from the side the branches appear 
serrate on account of the thecae and when looked at from without the 
thecae are invisible being hidden by the branch, which latter presents a 
zig-zagged appearance owing to the alternately projecting by-thecae on 
either side. The connecting cross-filaments are shown to be flatten<>d 
from above downward. They are bow-shaped with the convexity out- 
ward andpossess a pitted surface and outwardly projecting branch(>s. 
They correspond in number to the thecae beween each pair of which 
they project. 

Not less beautiful than the foregoing demonstration is that of the 
structure of the polypary in Retlolttes geinitzianua and Sto7natograpta» 
tornquisti.* 

In the former species we see two virgulae ( the one straight and tlie 
other zig-zag) occupying the central line of opposite faces of the 

•Altliougli many of these points have been previously noted, this description is 
worthjrof mention as it is almost the first based upon thoroughly satisfactory 
material. 
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square-prismoid polypary. From each convex angle of the zig-zag and 
from a corresponding level of the straight vlrgula, there extends out- 
ward in the reticulated wall of the polypary, a chltinous bar ( "parietal 
ledge"). In the ventral ( outer ) wall of the polypary the parietal ledges 
are connected by a horizontal ** mouth-ledge." Tracing the parietal 
ledges back toward the central line of the polypary they are seen to be 
deflected upward in the vertical and inward in the horizontal plane so 
that they sink below the surface, i. e., into the interior of the polypary. 
Near the point of deflection they are connected by a bar which traverses 
the interior of the polypary ( ** inner cross ledge " ). On the trapezoidal 
frame formed by the mouth-ledge, inner cross ledge and two parietal 
ledges is strung a fine chltinous network which is an inward extension 
of the exterior network serving to divide adjacent thecae. The external 
network is stretched over the whole surface of the polpary being attached 
on the ventral surfaces, to the mouth-ledges and on the lateral surfaces 
to the parietal ledges as far as the point where those ledges become de- 
flected below the surface. At this point the attachment to the ledges 
ceases and the network is stretched across the median line to the sim- 
ilar angle of the opposite parietal ledge. From all this it follows that 
three canals extend the length of the polypary in the median line. The 
central of these is the common canal which is bounded on either side 
by the inner cross ledges and front and back by the two virgulas. Be- 
tween this canal and the network (stretched across from angle to angle 
as described above ) lie two canals, one in front of and one behind the 
common canal. It is thus easy to see what diverse appearances may be 
presented by one and the same polypary under different degrees and 
directions of pressure. Preserved in relief neither virgula is visible ; 
the external network with the parietal ledges extending toward but 
stopping short of the center being all that can be seen, while if subjected 
to compression, the zig-zag, or the straight virgula (or with greater 
pressure, both the zig-zag and the straight virgula) becomes visible. 
The specimen which has furnished this description fails to show an 
outer envelope or inner dividing walls, but the author cites several 
authorities to prove the existence of these structures. 

In a general way the structure of Stomatograptua Ujmfiuiati resembles 
that of R, geinUzianus, The epidermic coating of the network is, how- 
ever, coarser and the virgulas and ledges finer than in the latter species, 
and the plane of the thecal mouths is oblique to the long axis of the 
polypary so that in profile the latter appears serrate. In a well preserved 
specimen of iS. tamqaisti Mr. Holm detected an epidermic layer external, 
and an endermic layer internal to the network. The outer and inner are 
smooth and without gaps, the middle alone being cribriform. 

Our author believes ( but was not able to demonstrate ) that interiorly 
the inter-thecal partition planes are attached to the inner cross ledges. 
He further believes (in opposition to Tullberg's opinion), that the 
thecse were not delimited interiorly by a porous membrane from the 
common canal but that the communication between the two was un- 
restricted. 

The remainder of this admirable article is devoted to a criticism of 
J&kel's essay which has been noticed above. 



I 
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THE FLOOD-PLAIN AND THE MOUND BUILDERS. 

By Stephen D. Peet, Ph. D., Mendon, III. 
One of the most interesting problems which the geologist and 
the archaeologist in their combined capacity ma}' undertake to 
solve is that presented b}' the flood-plain. The flood-plain is, to 
be sare^ altogether a natural creation while the mound-builders' 
works are artificial. Yet the two are so related that they may 
well be studied together. Both are comparatively modem, the ap- 
pearance of the flood-plain and the erection of the earth-works 
having been subsequent to the glacial epoch, but both preceded 
the historic period. Great changes have indeed occurred in them 
since the historic times, but they are in opposite directions, as the 
flood-plain seems to be more plainly visible and is fast becoming 
a regular formation, the last of the sedimentary layers, while the 
«arth-works are fast disappearing and are only advancing in their 

« 

deca}- and desolation. 

The enquiry which we desire to make has regard to the time 
which has probably elapsed since the erection of the earth-works 
as indicated by the growth of the flood-plain. 

The first enquiry will be about the so-called elephant eflflgy 
which we referred to in one of our former papers. This eflflgj' is 
on the flood-plain, one of the very few which have been discov- 
ered on this plain. The question which we ask is, was it an ele- 
phant which was thus built in eflSgy on a plain which is now oc- 
casionall}' covered with water s as to be cotemporaneous with 
the ancestors of the Hunter Indians ? The eflftgy of the elephant 
seems to have met the same fate in Wisconsin which the rotunda 
mound has in Ohio. The flood has come up occasionally and 
washed his feet and his proboscis until his form is obscured be- 
yond recognition. The clover was to be seen growing on the 
form when we last saw it, the water of recent freshets having 
drowned out all the clover vegetation in the swale where he lay, 
but for the life of us we could not tell whether the eflftg}' was of an 
elephant, a bear or some other huge animal .... We, however, con- 
cluded that the eflSgy must have been comparatively recent for the 
flood-plain must have been constantly covered with water not a 
very long time ago ; that is, as we reckon time in the history of 
extinct animals. Our opinion is that the Cherokees built their 
burial-mounds on the flood-plain of the Scioto in Ohio about the 
same time that the Winnebagoes built a bear or buffalo effigy on 
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the flood-plain near Wyal using, in Wisconsin, and that neither of 
them were very ancient This, however, cannot be said of the 
village enclosures of Ohio nor of the pyramids of the south, for 
these mounds seem to be now far beyond the reach of floods, and 
hence older. 

Still we have this significent fact that there are in the Daven- 
port Academy some elephant pipes and a tablet with some figures 
which resemble elephants. Davenport is near the mouth of the 
DesMoines, not very far from the great Meredosia slough and a 
little south of Muscatine lake. Now these are all surrounded and 
full of the late floods and can perhaps be called the last part, or 
the lowest part, of the flood-plain. No mounds are found on this 
low ground. But it is claimed that the mound from which the 
tablet was taken is on the low ground, which might be considered 
the river bench, only eight feet above high water. Now shall we 
take this as evidence? The members of the academy maintain 
that the elephant pipes are genuine. Shall we put the mounds 
on the river bench back so far as to allow the elephant or the 
mastodon to have been present, or shall we bring the mastodon 
up to the time when the river bench was eight feet above the 
water and when the elephant effigy was frequently submerged? 
Let us see where this will lead us in reference to the other mound 
builders and their antiquity. The hunter-tribes of which we are 
now speaking are the very last of the prehistoric mound builders; 
there were other tribes which preceded them by many years, per- 
haps by centuries. We grant the point about the mastodon for 
the sake of the argument. Then it makes the mound builder 
to precede the appearance of flood-plain and the disappearance of 
the mastodon. 

We now turn to the mounds of the flood-plains as compared with 
those on the bluflfs. Here we quote from the geological report 
of Minnesota. Mr. Wm. Colvill says, * * The Assiniboines, the 
Omahas, the lowas and the Siouxs successively dwelt along the 
river in this county ( Goodhue ). All the mounds on the edge of 
the high bluffs are different from those of the terraces and those 
on the terraces different from those on the river-bench. All the 
mounds on the river-bench were said b}- the Sioux to belong to 
the Assiniboines. The dwellings were constructed by digging pits 
and placing posts or supports inside and covering the whole 
with brush and earth. In case of death within the dwelling 



46 Tfis American Geologist. J11I7, i89i 

was completely filled with earth, thus buning the house and 
all. All these mouods show the hearth as a burned clay bottom 
with charcoal and ashes. The terrace-mounds were built when 
the flood-plain was covered with water and when the lake reached 
the base of the bluffs. The mounds on the bluffs were generally 
loose piles of stones having circular openings or hollow cones 
high enough for a man to stand erect They may have been look- 
outs or war towers. The lowas and the Omahas came here after 
the expulsion of the Assiniboines. They had villages at Lake 
Pepin. There are mounds at Lake City which are said to have 
been built by the Omahas. There are game drives. The Oma- 
has were driven out of the state by Red Wing and by Wabasha. 
There are lai^e mounds at Belle Creek in the shape of eflSgies on 
an isolated knob, one in the shape of a turtle. '* 

The writer has discovered the same succession of mounds in 
Wisconsin and other places. Here the latest were nearest the 
water, those earlier were on the terrace above and the earliest of 
all on the top of the bluffs. These were eflJgies. The mound 
builders proper were in the countrj* when the flood-plains were too 
wet to admit of access. But the Indians came and encamped on 
these flood-plains, leaving shells and hearths andidebris near the 
water after the water had subsided. A succession of mound 
builders filling up the gaps and making the terraces the places 
where thev built their mounds. 

Here. then, we have the same storv as before ; some of the 
mounds were built since the flood-plain was dry, or comparatively 
so. these being cotemporaneous with the later Indians, and some 
of them built when the water was over the terraces and near the 
bluffs, e\identlv built bv the earlier mound builders. 

Let us go down the river farther and look at another class of 
works. We find a flood-plain but it seems old, and the works on 
it even older than the plain itself. We can imagine how the hunter 
kept out of the way of the flood and yet built his burial-mounds 
on the bluffs adjoining the swamps and lakes. But what shall we 
say about the agriculturist who built his p\Tamid on the flood- 
plain itself? Here is the Cahokia mound: it is 100 feet high, 
has a terrace 300 feet wide, and fifty deep. It is attended by 
sixty or seventy other mounds similar in shape and size. These 
mounds are all on the great American bottom; that bottom is a 
fk)od-plain; it is a flood-plain which is now rarely overflowed. The 
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writer had the privilege of visiting this mound in company with 
Hon. Wm. Collins who spent his youth at Collinsville near this 
mound. He informed me that, in the year 1840, this American 
bottom was overflowed and that steamboats floated over it in res- 
cuing cattle and men, and landed their cargoes at the foot of the 
bluff three miles from the group of mounds. There has been no 
overflow for fifty years and the land is now as dry as the prairie. 
It is covered with fine farms and the mounds are covered with 
farm-houses and bams, and outhouses, many of them being large 
enough to accommodate all these and give room for the kitchen 
garden besides on the summit. Now the point which we make is 
this: if the hunter mound-builder built his burial mounds before 
the time of the disappearance of the elephant or mastodon, and 
the agriculturist built his p^Tamid upon the flood-plain as a place 
for an agricultural settlement, how long ago was the mound builder 
liWng and filling the scene with his activities? These pyramids 
were perhaps built while the bottoms were subject to overflow. 
Perhaps it would be called a city of the mound-builders, but it 
was a city which in some respects resembled the palafittes or lake 
villages of Switzerland, **a lake dwelling" on dry land a part 
of the time, and a palafitte in an overflowed district the other 
part The bottom lands extend for eighty miles north and south 
and are in places some eight and ten miles wide, and are covered 
with a number of mound-builders' villages similar to the one de- 
scribed .... The same fact is also perceptible in the pyramids at 
Seltzertown and in Bolivar county, Miss. 

The drainage of the flood-plain has occurred since the pyramids 
were built. The pyTamids are really older than the flood-plain. 
The height of the platforms and of the levees or long walls is sig- 
nificant here. In looking over the works we learned that the 
terraces were all at least twenty feet above the level of the ground. 
The majority were three times that hight — or were so originally, 
for many of them have been graded down to make foundations 
for the farm-houses. Now take a vast plain covered with large 
farms and villages scattered over it and not a flood that has cov- 
ered it since 1840 and then put water over it twenty feet with the 
inhabitants crowded on the summits of their pyramids or crowded 
on the terraces looking down on the wide spread flood, and you 
have a picture of the two ages, the historic and the prehistoric, 
and the contrasts between the two. As to the Buffalo having 
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been prevalent at this time, we leave that to conjecture and ta 
tradition. 

Gen. Claiborne in his historj^ of Mississippi says that the tradi- 
tion was common among the Choctaws that a race of giants 
formerl}^ existed at the south and that they used herds of mam- 
moths as beasts of burden. These herds devoured everything and 
broke down the forests. The last animal of the kind had his home 
on the Tombigbee. The Great Spirit struck him several timea 
with the lightning. But he presented his head to the bolt and 
it glanced oflf. Annoyed by this, he fled to the Mississippi and 
with one mighty leap cleared the stream and fled to the west. 
Here we have a tradition of the buffalo which formerly roamed aa 
far south as Florida. 

We now return to the flood plain in southern Ohio. Here the 
villages were attended with covered ways and canoe landings, etc. 
and these covered ways, all of them, end at the edge of the 
terraces but the water has gone, and the land is high and dry .... 
This occurs so often that it ceases to surprise us. We find it at 
Piketon, at Hopeton, at High Bank, at Newark, at Marietta and 
in fact at every place where there is a covered way .... The hight 
of the terrace above the water varies with localities but it is about 
equal to the hight of the platforms at Cahokia and ranges from 
thirty to forty feet. The following are some of the figures given 
by Squier and Davis .... At Piketon the graded way ends at a 
point half a mile from the river, and there are between it and the 
river two ten*aces each twenty feet high. The evidences are, how- 
ever, that the river "once flowed at the foot of the graded way." 
At Marietta the grade runs from the upper terrace to a lower one 
680 feet long and 1 50 wide; the hight on which the same enclos- 
ure is found is from 40 to 60 feet above the bottom land, and 
the bottom land is from 35 to 40 feet above the water of the river. 
The graded wa}- ends at a distance of several hundred feet from 
the water's edge though "it is supposed that when they were built 
the water flowed at the edge of the terrace." At Hopeton the 
covered way formed of parallel walls runs from the village en- 
closure to the river about half a mile, and is one hundred and fifty 
feet wide. The walls terminate at the edge of a terrace, "at the 
foot of which it is evident the river once ran, but between which 
and the present bed of the stream a broad and fertile bottom now 
intervenes. " . . . .At Seal township the square and circle are upon 
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the terrace, but the circle is partially obliterated by the wash of 
the river which formerly flowed near, but is now at a < *long dis- 
tance;" the ancient bed is distinctly seen at the foot of the ter- 
race. '* The cedar bank works are, on a steep precipitous bank, 
just above the river, at a hight of about eighty feet, but the wall 
on the river side has been entirely obliterated, showing that much 
time had elapsed since the works were deserted. At High Bank 
the works are seventy- five feet above the river but they extend 
half a mile south. . . The works at this point have been washed and 
obliterated by the river, though its bed is now a long distance 
from the works. A series of works on Paint creek show the same 
changes. One village was then almost obliterated b}^ the river 
but the river is now over a mile away. At Newark there is a 
graded way which formerly ran out to the water's edge but it ends 
on dry ground, while the covered way on the other side of the 
village which formerly reached the water now terminates on a 
wide bottom and the water is at a long distance awa}'. The same 
is true of the walls at Portsmouth. These formerly extended to 
the river from the works on the upper terrace across both ter- 
races, and were seven miles in length. They were so arranged as 
to give the idea of ferries connecting the sacrificial place with 
the sun symbol in one direction and the square enclosure in the 
other direction — three groups, two ferries and 24 miles of wall. 
The walls at Portsmouth have been encroached upon by the Scioto, 
which has changed its channel and turned toward the wall and 
HOW flows where the wall once stood. The works near Dayton 
were formerly on the same level where now a neat modern village 
stands. The gi'eat Miami however has so overflowed its banks 
since these works were deserted, that the circle which was farthest 
away, near the edge of the bluffs, has been washed away and 
parts of it are not to be seen. The modern village lies entirely 
between this circle and the river, but the modern village is never 
flooded. 

These facts are significant. The rivers might have sudden 
freshets and so change their channels and make great havoc with 
the earth works, but where the land has become so dry and high 
that white men place their farms, build their houses and erect 
their villages on it, we may judge that much time has passed. We 
cannot look upon the earth- works as so recent as some would 
make them. 

32 



60 The Americaii Geologist juiy. i89i 

As to the beginning of the mound-builder period we will give 
a few facts. In the last number of the Popular Science Monthly 
Mr. J. F. James has given us a diagram of the old ice dam and 
of the lake Ohio which was caused by the glacier which is sup- 
posed to have crossed the channel of the river here. Now there 
may be a difference of opinion about this lake and the dam, and 
yet there is a significance to the map. It is a map of the territory 
of the village mound bmhlersj the most interesting class of mound 
builders which we have. Of course this does not prove much in 
reference to their age, and yet the limits of their territory and of 
the so-called lake are the same. Here we place the reign of the 
mound builders. If the paleolithic people preceded the forma- 
tion of the lake, or were cotemporary with it, the neolithic cop- 
per-using mound builders were subsequent to it. If the Indians 
of the hunter class were subsequent to the appearance of the bot- 
tom lands while the flood plains had become what they are, the 
village mound builders preceded them by many 3'ears. In this 
way we read dates into our Archseological records. We have the 
limits marked by geological changes. 

The close of the mound building period. Dr. Thomas has investi- 
gated a mound in the Scioto valley which was swept b\' the floods. 
.... This mound is near a series of earth works which are called 
the Baum works situated on the lower land in the vicinity of 
Chilicothe, Ohio. The argument is that as this mound was so 
near the village enclosure, and as it contained some peculiar 
chambers which resemble the rotundas of the Cherokees, the vil- 
lage mound builders were Cherokees, a comparativel}' modem 
people. This, however, is the very iK)int which we doubt. The 
evidence is that Ohio was overrun b}' a succession of races or 
tribes and that the early race of sun-worshippers who built walled 
villages and graded ways and dance circles, and sacred enclosures 
for burials, never placed their mounds on the flood-plain, but al- 
ways on the upper terraces ; but the Cherokees having been a 
later race would naturally place their works as did all late tribes 
on or near the flood-plains. 

The growth of the flood-plain in this locality seems to have 
been at the expense of the terrace on which the majority of the 
village mound builders placed their enclosures, and so the de- 
struction of the terrace may be regarded as a measure of the time 
whicli has elapsed since the villages were deserted. We find the 
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works of the mound builders sometimes associated with the flood- 
plain, but the association was more ancient than the proximit}' of 
the village was to the water which formerly covered the plain. 
Formerly the waters flowed peacefully at the foot of the terrace 
on which the villages were built and the covered ways ran eagerl}' 
to meet them. Between these covered ways we imagine the peo- 
ple to have frequently passed, all of the time reljing on the earth- 
wall to protect them from every lurking foe. We imagine also 
that the canoe navigators frequently landed on the grades or in- 
clines and drew up their canoes, quite secure in their feeling that 
the friendly stream would not make an onslaught and can*}* them 
away. But by and by, for some reason, this very water which 
was so full and strong began its uncertain, unstable course. It re- 
tired from the foot of the terrace, it shrunk away from the vil- 
lages, it began to flow in the narrow channel, but it was constantl}- 
rising and overflowing its old flood-plain, and then the havoc be- 
gan. The river not onl}' deserted the villages but it turned 
against them and began to even undermine the defenses, and the 
walls were soon opened and wide gaps appeared in the enclosures. 
The villagers, however, had gone before this occurred, for there 
seems to have been no repairing of the breaches and the water was 
allowed to do as it would. 

In two remarkable cases it so happened, however, that after 
the villages on the teiTaces were deserted, and after the flood-plain 
was sufficicntl}' drj- for a later tribe to build its earth-work or its 
rotunda, then the earth-work appeared which Dr. Thomas calls 
the Cherokee monument. This is our argument; the village 
of the sun-worshipper on the terrace, and the rotunda or tomb or 
whatever it is on the flood-plain, were not really the work of the 
same people, but that the havoc of the flood against the terrace 
and the drainage of the same plain all took place since the *' lost 
race " made its appearance and took its departure. 
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Oiemicnl and Ocologicnl Essays. By Thomas Sterrv Hunt. Third 
edition, with a new preface, pp. XLVI and 489, 8vo, 1891. Scientific 
Pubiishing Co., New York. The chapters of this book are as follows: 
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Theory of igneous rocks and volcanoes (1858): On some points in chem> 
ical geology (1859); The chemistry of metamorphic rocks (1863); The 
chemistry of the primeval earth (1867); The origin of mountains (1861); 
The probable seat of volcanic action (1869); On some points in dynami- 
cal geology (1858); On limestones, dolomites and gypsums (1858-66); The 
chemistry of natural waters; On petroleum, asphalt, pyroschists and 
coal; On granites and granitic vein-stones (1871-72); The origin of 
matalliferous deposits : The geognosy of the Appalachians and the origin 
of crystalline rocks ; The geology of the Alps; History of the names 
Cambrian and Silurian in geology ; Theory of chemical changes and 
equivalent volumes (1853); The constitution and equivalent volume of 
mineral species (1853-63); Thoughts on solution and the chemical 
process (1854); On the objects and method of mineralogy (1867);« Theory 
of types in chemistry (1848-1861). Tue volume is dedicated to James 
Hall. 

Such topics, covering nearly the whole field of chemical geology, are 
discusstHi in Dr. Hunt's well-known style — a style which for breadth of 
learning and comprehensive scope, no less than for it5 penetrating, ap- 
prehension of the occult relations of chemical and dynamic forces, 
has caused his writings to be held among our highest speculative au- 
thorities on these subjectii. The geok>gical literature of the latter half 
of the nineteenth century will always bear a profound impress derived 
from the labors of Dr. Hunt. 

TV' Ft»*jM*i hi^tcU of Xorth Jliiu'ricii, with tn»t€S on some European 
fpecief. By Samitsl H. Sci'ddkr. Vol. I. The Pretertiary Insects, 
pp. X, 455, with 35 plates. Vol. II. The Tertiary Insects, pp. 734, with 
map of the Tertiary lake basin at Florissant, Colorado, and 28 plates. 
vXew York : MacmilUn »t Co. 1890.) A series of eighteen essays, origi- 
nally published in the Memoirs of the Ik^ston Society of Natural History 
frv^m l>f^ to 1>9<X forms the first volume of this work, which ^s limited 
to one hundred o\>pies. Kibliographic rt»ferences and an index are added. 
The longest pa^^er, which bears date of 1879, comprises 111 pages and 
treat;> of l^ileoioic c^vkn^aohes, bi>ih North .\merican and European ; 
and another paper of 46 pages, rt» views the Mesozoic cockroaches. 
Winged in:<ects aiv known to have existtni during the Silurian period, 
but up to the clivi** of l^iUvioio time they were represented only by i^ 
ceceraliEed form, which hail the frx>nt wings as well as the hind wings 
membranous. In the Mesotoio era, aiwrding to Mr. Soudder. " a great 

differentiation took pia^v, and bofv^rt* its middle all of the orders 

w^re fu'.iv developed in all their esseniiai features as they exist to-day." 

The SecvMhi of these volumes was publishtxi last year as number XIII 
of the Saa*. reports of the l', S iVooKvgioal Survey of the Territories, 
wiiich w:»s vvnduoted by :he late Dr. F. V. Hayden. About a third of 
Uiis voi-JLsie. A>mpr:sinc :he Araohuida. mv^st of the Neuropiera^ and the 
Onhop.era. wias wr:::eu dur*:i»: the years I SSI to ISS4 : but the descrip- 
thMis of :he Co'eop;era. Diptera. Hymenoptera. anvl Hemiptera. the last 
g ihe mv>?4 extensive grvv.:;\ wert^ wr:::or. diirinc the two years im- 
preceding pnblioatioa. For the lower orders, all the Ter- 
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tiary species from all localities in North America are described, being 
AS follows : Myriapoda, 1 ; AracUnida, 34 ; Neuroptera, 66 ; Orthoptera, 
30 ; and Hemiptera, 266. The collections of the higher orders from the 
wonderfully rich insect-bearing beds of Florissant yet remain to be 
«laborated ; and for these orders the present volume contains only the 
species known from other localities, these being of Coleoptera, 112 (in- 
<:1 tiding 37 Pleistocene species); Diptera, 79; Lepidoptera, 1; and Hy> 
menoptera, 23. The total number of species thus described is 612, of 
which 575 are from Tertiary formations, mostly called Oligocene, in 
Colorado, Wyoming, Utah, and British Columbia. Of the Pleistocene 
species, 26 wore collected by Mr. Oeorge J. Hinds in the interglacial 
beds of Scarboro Heights on the north shore of Lake Ontario near 
Toronto, none of them identifiable with existing species ; and 11 others, 
likewise now extinct, were found in bone caves at Port Kennedy, Penn- 
sylvania. 

When the study of the Florissant collections shall be completed, they 
will add according to Mr. Scudder*s estimates, about 425 species of 
■Coleoptera, besides many Diptera and Hymenoptera. Seven butterflies 
from the Florissant beds have been previously described by Mr. Scud- 
<ier in the Eighth Annual Report of the U. S. Geological Survey ; and 
since then another species of exceptional importance has been found. 
There are also probably eight species of Florissant moths. 

The Florissant lake basin lies at an altitude of about 8,000 feet in a 
narrow valley of the Front Range of Colorado, near Pike's Peak. Its 
length is 7 or 8 miles, with a maximum width of 1^ miles. Its sedi- 
ments attain a thickness of 50 feet or more, and consist of volcanic sand 
and ash, with which, in the upper half, myriads of plants and insects 
are entombed. The layer in which the insects are most abundant and 
l)est preserved has a thickness of about two feet. Lesquereux concluded 
from his investigation of the fossil flora that the climate at the time of 
deposition of these beds was much warmer than now, being nearly as at 
present on the northern shores of the Gulf of Mexico. The few fishes 
found in the same lacustrine deposits also indicate, according to Cope, 
a warm temperate climate ; and the insects, as Mr. Scudder believes, fully 
sustain this opinion. No very definite determination of the age of the 
strata has been reached, but they are referred provisionally to the lower 
Miocene or Oligocene. Only slight disturbances have taken place since 
their deposition, for they are still horizontal in their northern part, 
while their southern part has been uplifted so as to give a northward dip 
of about two degrees. The inclination caused the lake to be emptied, 
and since then subaSrial erosion has channeled the basin mostly to a 
depth of 30 or 40 feet, removing the greater portion of its fossiliferous 
beds, but leaving plentiful remnants of them along its shores and about 
its islands. 

In this branch of paleontology, Mr. Scudder has been almost the sole 
worker on this continent, and the present volumes well attest his in- 
dustry and the wealth of his materials. 
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Tertiary and Post-Tertiary chanQe9 of the AtUmtU: and Pacific ooagU ; 
tritha note on the mutnal relations of land-eievation and ice^ccumulatUm 
during the Quartemary period. By Joseph Le Coxte. Bulletin of the 
Geological Society of America, Vol. ii., pp. 323-330. with one figare ; 
March 16, 1891. The submarine continuations of the channels of the 
St. Lawrence, Hudson, Deleware, Susquehanna, and Mississippi rivers 
are cited as proof that the Atlantic coast of Xorth America was up- 
lifted during the Pliocene period, attaining, probably in the early part 
of the Quarternary, an altitude of 2,000 to 3,000 feet above its present 
hight. Its northern coasts were also uplifted, as shown by fiords. 
The elevation of British Columbia, according to Dr. G. M. Dawson, was 
at least 900 feet. That it may have greatly exceeded this amount, is in- 
dicated by the submerged channels discovered on the coast of California 
by Prof. George Davidson of the U. S. Coast Survey. Not less than 
twenty of these sunken fiords have been found between Cape Mendocino 
and San Diego, within a distance of about 700 miles, some of them 
reaching depths of 2,000 to 2,500 feet. Like the Hudson submarine 
channel and fiord, these have all the distinctive features of suba^rial 
erosion, and they are regarded by Prof. Le Conte as decisive evidence 
that this part of the continental plateau has been greatly uplifted, sim- 
ilarly with its eastern portion aud probably at the same time. The 
submarine channels of California, however, are not continuations of the 
present rivers, and none exist opposite to San Francisco and the Crolden 
Gate. Professor Le Conte therefore suggests that the drainage of the 
great valley of California during Pliocene time probably passed into the 
sea farther south by a deeply submerged channel which is traced by 
oundings in the Monterey bay. Orogenic movements, accompanying 
the Quaternary subsidence of the coast, have turned this outlet through 
the Golden Gate. Others of these submerged channels seem to have 
been cailons formed by short streams in their descent from the western 
slope of the Coast Range when it was raised with the whole region far 
higher than now. 

In a supplementary note, the author concludes that the Pliocene eleva- 
tion of the continent culminated in the early Quaternary, and was one 
of the causes of the Ice-acoumulatlon ; that the load of ice caused sub- 
sidence below the present level ; that the removal of the ice was the 
cause of the re-elevation to the present condition ; out that all these 
effects lagged far behind their causes. 

Composition of certain Mcsozoic igneous rocks of Virginia, By H. D. 
Campbell and W. G. Brown. Bulletin, G. S. A., vol. ii., pp. 339-348; 
March 18, 1891. Two exceptional varieties of the otherwise remarka- 
bly uniform eruptive rocks occurring in the Mesozolc belt of our Atlan- 
tic border are described, with analyses, under the names hypersthene- 
dlabase and olivlne-hypersthene-diabase. The former is known at lo- 
calities in Virginia, New Jersey, and Pennsylvania; but the latter has 
befui noticed at only one locality, near Rapidan, Culpeper county, Va. 

Tftc Cinnnhur and Bozeiimn coal fields of ^font(^na. By Walter 
Hakvey Weed. Bulletin, G. S. A., vol. ii., pp. 349-364, with a plate 
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and two figures; March 18, 1891. Bituminous coal of excellent quality 
is mined both in the Cinnabar field, which occupies a small area on the 
Yellowstone river Just below the National Park, and in the Bozeman 
field, which lies some forty miles farther north and is of large extent, 
its coal-bearing strata having been traced about 100 miles. Mr. Weed*s 
work during the past year for the U. S. Oeological Survey shows the 
identity of the coal measures in these areas, and from paleontologic 
evidence they are referred to the base of the Laramie series. It is 
noteworthy that the coal of the Bozeman field often rests directly on a 
sandstone floor, without any intervening layer of fire-clay. The floor is 
sometimes very uneven, with the coal filling its depressions ; but the 
roof is generally even and regular, and is usually a firm and compact 
sandstone, needing only a small amount of timbering. Analyses of 
these coals indicate a low percentage of ash and water, and the com- 
plete absence of sulphur has led to their extensive use in the manufac- 
ure of coke. In this region the thickness of the marine Cretaceous 
formations between the lower coal seams and the Jurassic limestones 
and shales is about 3,600 feet. 

On the recognition of the angles of crystals in thin sections. By Al- 
fred C. Lane. Bulletin, G. S. A., vol ii., pp. 365-382, with one plate; 
May 4, 1891. This strictly technical paper, which forms a part of the 
author's work for the Michigan Geological Survey, presents methods of 
determining graphically the locations of the random sections of miner- 
als under the microscope. 

Johns Hopkins University Scientific Expeditions. The University Cir- 
cular No. 89, for June, contains the reports of the scientific expeditions 
into southern Maryland; the party, which was composed principally of 
the students of the University and the members of the U. S. Geological 
Survey, was under the leadership of Dr. W. B. Clarke, of the University, 
and Mr. W. J. McGee. The Eocene and Neocene rocks were the ones 
principally examined ; one section of Neocene between Cove and Drum 
points being particularly fossil if erous, yielding about thirty species. 
There are also reports on the agriculture by Milton Whitney and one on 
the archaeology by W. H. Holmes. 

Remarks on the reptiles generally called Dlnosauria. By G. Baub, 
Clark University. (Am. Natl. 25, May, 1891, pp. 434-454.) 

Dr. Baur reviews this group from Owen's " British Fossil Reptiles" 
to the present date and concludes that as at present arrang'bd they form 
an unnatural group. He states, and his evidence and summing up of 
the different families fully sustain his view, that '' The ffroup generally 
called Dlnosauria is an unnatural one, which is composed of three 
special groups of archosaurian reptiles, without any close relation be- 
tween each other. The Dlnosauria do not exist. The so-called Dlno- 
sauria contain three groups of reptiles, which ought to be called Iguan- 
odontia, Megalosauria, and Cetiosauria." He then proceeds to give the 
distinctive characters of these three groups and finally their geological 
distribution. Do we understand that Dr. Baur 'would eliminate the 
order Dlnosauria? On page 447 **♦ ♦ ♦ the study of the skull alone 
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would be sufficient to show that the Dinosauiia Is an absolutely uii« 
natural group without any right to existence; it shows that the three 
members, Iguanodon, Diplodocus and Ceratosaurus belong to three dis- 
tinct groups of Monocondylia, with very little relation to each other.** 
In a foot note on page 450, Dr. Baur says: '' * * Ceratops Marsh is the 
same as Monoclonius Cope, as I know from actual study of the types. 
That Agathaumas Cope is the same as Triceratops Marsh will be ad- 
mitted by everybody who will compare the original plates of the sac- 
rum, dorsal vertebrae and the ilium of Agathaumas b> Cope with those 
of Triceratops given by Marsh. I think that Macellognathus Marsh 
which has nothing whatever to do with the Testudinata, belongs to this 
family (C€eluridae) and to Ccelurus.'* 

A remarkably important addition to this subject and a discussion of 
inestimable value. 

Tito Sew Reptiles. H . G. Seele y. (Quart. Jour. Geol. Soc. XL VII, 
pt. 2, 1891, pp. 164-170.) 

Aqrosaur^is macgillivrayi. — This is described as a saurischian reptile 
from the X. E. coast of Australia. The specimen has been in the Brit- 
ish Museum since 1S79, and as it was collected in 1844, has remained 
undescribed forty-six years. The reptile is named from a complete left 
tibia, portions of the right tibia, fibula and claw phalanges. The ani- 
mal was about the size of a sheep and is supposed to have come from 
the Lower Oolite or the Trias. The shaft of the tibia is slender, proxi- 
mal end enlarged and curved backward, a slight development of the 
cnomial crest: distal end uniformly increases in size and a moderate 
excavation of the distal articulation on the inner side. 

Saurodesmus robertscnii, — A crocodilian reptile from the Rhaetic of 
Linksfield north of Elgin. This is represented by one bone, apparently 
a humerus, which the author terms a **very unsatisfactory specimen." 
Th^' bone was originally about 10cm. long. The description of this one 
bone is not conclusive aud leaves some doubt as to the true position of 
the reptile, as according to Lydekker's description of the same speci- 
men, it has Chelonian features. 

The Geohtgy of the Darbfn1o:<. By A. J. Jukes-Browxe, Rsq., F. G. 
S. and Prof. J. B. Harrisons, M. A., F. G.S. (Quart. Jour. Geol. Soc. 
XLVII. pi. 2, May 18H1. pp. ll»7-243). This is an important contribu- 
tion, especially to the structure of the coral reefs, which naturally forms 
the chief component of the papi»r: there are two appendices by W. H. 
Hill, Es4i., F. G. S. on the Microscopical Structure of samples from 
Barbados and Jamaica. 

A Revision of the CrctaceouH Echinoidea of X. A. Dr. W. B. Clark 
contributes to Johns Hopkins University Circular for April a brief pre- 
liminary notice of the Echinoidea of the Cretaceous, in which twenty- 
one new specii^s are described, principally from Texas and New Jersey. 

Impftrtant New MinerdI Lfj^ality, — Dr. G. H. Williams announces and 
describes anirlesite, cerussite. galenite and native sulphur from the 
Mountain View mine near L'niou Bridge, Carroll Co., Md. (Johns Hop- 
kins Univ. Cir. April. l^i»l, p. 73). 
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The Journal of Morphology announces the forthcoming volume v to 
contain among other articles, two by Prof. Scott of Princeton **0n the 
Osteologry of Poebrotherium" and ** A Contribution to the Phyllogeny 
of the Tylopoda." 

An Introduction to the Study of MammalSj Living and Extinct. By 
WiLUAM H. Flowkb, C. B., F. B.S., etc., and Richabd Lydekkeb, 
B. A., F. G. S., London, Adam and Charles Black, 1891, pp. xvi-f-763. 

Aids in Practical Geology, By Gbexvillb A. J. Cole, F. G. S. pp. 
xiv-H02, London: Griffin & Co.; Philadelphia, J. B. Lippencott Co. 1891. 

BeUrdge zur Oeologie und Paldontologie der Republik Mexico. Von 
Bb. J. Felix und Db. H. Lenk. I Theil, se. 114. Leipzig: Arthur 
Felix. 

Fossil Insects of North America. By Sabtuel H. Scuddeb. Vol. I, 
Pre tertiary pp. x+435, 34 plates and Vol. II Tertiary, pp. 743, 28 plates, 
^ew York: Macmillian & Co. 1891. 

A Catalogue of British Fossil Vertebrata. By A. S. Woodwabd, F. 
G. S., and C. D. Shebbobn, F. G. S. pp. 396. London: Dulau & Co. 
1891. 

Tables for the deUrmi/nation of minerals by their physical j)roj>erties, as- 
certainable with the aid of a few field instruments, based on the system of 
Pbof. Db. Weisbach. By Pebsifob Fbazeb ; Third edition, entirely 
rewritten. 12 mo. 115 pages. 1891. J. B. Lippincott Company, Phila- 
delphia. 

Irrespective of the contents of this little volume, its external appear- 
ance invites to its careful examination. It is bound in flexible-leather 
cover, presenting the impression of a handy and durable vademecum for 
the actual student of minerals. More restricted in its scope than the 
** Determinative mineralogy and Blowpipe " of Brush, the ** Rock-form- 
ing minerals" of Butley, and the ^'Practical Guide to the determination 
of minerals by the blowpipe," of Fuchs, it has a definite purpose which 
is not deviated, from and which brings it into the curriculum of almost 
daily necessities of the young field-geologist. By their metallic lustre, or 
their want of it, all minerals are here classified, there being an inter- 
mediate class having a '* sub-metallic and non-metallic lustre.'^ Those 
with metallic lustre are separated by their color at once into red, yellow, 
white, gray and black. The intermediate class is again divided accord- 
ing to their streak, whether it be black, brown, red, yellow, green or 
blue. Those with non-metallic lustre and a light streak are separated 
Into five parts, viz: very sectile, sectile, semi-hard, hard and very hard. 
In this last group evidently fall the great mass of rock-forming and as- 
sociated minerals, and here the value and aptness of the short descrip- 
tions of the double pages, arranged in columns,at once become apparent. 
With a small kit of simple apparatus, and by the aid of these distinc- 
tions, there may be made at least preliminary determinations of nearly 
all the minerals which the geologist may encounter. 
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I. Siatt and Ooveimment Reports, 

Tenth Annual Report of the State Mineralogist of California for the 
year ending December, 1890. 

Fourth Annual Report of the Canadian Institute, session of 1890-91. 

On vertebrata from the Tertiary and Cretaceous rocks of the North- 
west Territory, by E. D. Cope. Geol. Surv. Can. 

Reports of the Director and Treasurer of the Michigan Mining School, 
1886-91. 

Letter from the Sec. of Agric. transmitting a report on the prelimi- 
nary investigations to determine the proper location of artesian wells 
within the area of the 97th Mer. and east of the foot-hills of the Rocky 
Mts., by J. M. Rusk. 

Progress Report on Irrigation in the United States, Part I, by Richard 
J. Hinton, Washington. 

Progress Report of Artesian and Underflow Investigation between the 
970 W. Long, and the foot-hills of the Rocky Mts., Part II, by Edwin 
S. Nettleton, Washington. 

Biennial Report of the State Geologist. Geol. Sur. Mo., Arthur Wins- 
low. 

Tertiary Insects of North America, by Samuel H. Scudder. Roy. 8vo* 
pp. 734, U. S. Geol. Surv., Washington. 

II. Proceedings of Scientific Societies. 

Prceed. Amer. Acad. Arts and Sci. New series Nol. XVII. From 
May 1889 to May 1890. 

Report and Proceed. Belfast Nat. His. and Phil. Soc, for the session 
1889-90, contains notes on the musical sand of Eigg, by J. Brown, Esq ; 
Some notes on the Upper Boulder Clay, near Belfast, by Robt. Young, 
Esq., C. E. 

Jour. Elisha Mitchell Sci. Soc. 1890, contains: Mineralogical, Geo- 
logical and Agricultural Surveys of South Carolina, J. A. Holmes. 

Proceed. Kan, Acad. Sci. Vol. XII, 1889-90, contains: Artesian 
Wells in Kansas and the cause of their flow, Robt. Hay ; Occurrence of 
mammoth remains in Franklin county, Kansas, O. C. Charlton ; Occui« 
rence of gold in Montana, J. R. Mede ; Kansas meteorites, F. H. Snow. 

Proceed. Acad. Nat. Sci. Phil. 1881, Jan., -Mar., contains ; Rate of 
coral growth, Angelo Heilprin ; Basanite from Crawford Co., Ind., E. 
Goldsmith ; Palaeosyops and allied genera, Chas. Earlc ; The sand- 
stones of Chester Valley, Penn., Theo. D. Rande; On the age of the 
Peace Creek beds, Florida, Wm. H. Dall ; A review of the Cretaceous 
mammalia, Henry F. Osborn ; Geological resoaches in Yucatan, Angelo 
Heilprin. 

Transactions of the Canadian Institute, Mar. 1891, contents: Pelo- 
techthen balanoides, Arthur Harvey ; Formation of Toronto Island, L. 
J. Clark. 

Bui. Santa Barbara Soc. Nat. His., Vol.1, No. 2, Oct. 1890. 
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Bui. Amer. Geograph. Soc, Vol. XXIII, No. 1, March 31, 1891, Mam- 
moth Cave, Kentucky, Rev. H. C. Hovey. 

The Total Eclipse of the Sun, Jan. 1, 1889. A report of the observa- 
tions made by the party at Norman, Cal. Pub. by Acad, of Sci. St. 
Louis. 

Transactions of the E>linburgh Gtool. Soc. Vol. II, Part II, 1890. 

III. Papers in Sclentijlc Journals. 

The Canadian Record of Science, Montreal. Vol. IV, No. 5, 1891, con- 
tains: Clay Concretions of the Connecticut River, Miss J. M. Arms ; 
Note on Specimens of Fossil Wood from the Erian (Devonian) of New 
York and Kentucky, Sir J. W. Dawson and Prof. Pen hallow ; The Com- 
position of the Ore used, and of the Pig Iron produced at the Radnor 
Forges, J. T. Donald ; On some causes which may have influenced the 
spread of Cambrian Fauna, G. F. Matthew ; The Australasian Ass. Adv. 
Sci.; Proceedings of the Society; Proceedings of the Microscopical 
Society. 

The National Geographic Magazine, Vol. Ill, Mar. 28, 1891 : South 
America, by Gardiner G. Hubbard, being the annual address by the 
president. 

Am, Jour, of Sci., April No. Allotropic silver, M. Carey Lea ; Phe- 
nomenon of rifting in granite, R. S. Tarr; Red sandrock of Marion 
county, Iowa, C. R. Keyes ; Halotrichite or feather alum, from Pitkin 
county, Colorado, E. H. S. Bailey ; Crystallized Azurite, from Arizona, 
O. C. Farrington ; Xenotime as an accessory element in rocks, O. A. 
Derby ; Magnetite ore districts Jacupiranga and Ipanema Sfto Paula, 
O. A. Derby ; Pink gossularite from Mexico, C. F. de Landero ; Restora-^ 
tion of Triceratops, O. C. Marsh ; Development of the brachiopoda. 

May No. Relation of the Pleistocene to the pre-Pleistocene of the 
Mississippi basin, south of the glaciation limit, T. C. Chamberlin and R. 

D. Salisbury; Age of the Saganaga syenite, H. V. Winchell ; Contribu- 
tions to mineralogy. No. 50, F. A. Genth, with crystallographic notes 
by 8. L. Penfield and L. V. Pirsson ; Ditto, No. 51, F. A. Genth ; Colum- 
bite of the Black Hills, W. P. Blake ; The raised reefs of Fernando de 
Noronha, H. N. Ridley ; Cause of active compressive stress in rocks, 
and recent rock fluxures, T. M. Reade ; Phosphates from the Black 
Hills, W. P. Headden ; Supplementary Notice on the Polycraseof North 
and South Carolina, W. E. Hidden and J. B. Mackintosh. 

June No. The study of the earth*s figure by means of the Pendulum, 

E. D. Preston ; Post-glacial history of the Hudson river valley, F. J. H. 
Merrill; Alunite and diaspore, from the Rosita Hills, Colorado, Whitman 
Cross; Diaspore crystals, W. H. Melville; Allotropic silver, M. Carey 
Lea ; Notes on the submarine channel of the Hudson river, and other 
evidences of Post-glacial subsidence of the middle Atlantic coast region, 
A. Lindenkohl ; Are there glacial records in the Newark system ? I. C. 
Russell ; Recent eruption of Kilauea, W. T. Brigham ; Turquoise in 
southwestern New Nexico, C. H. Snow. 
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IV. Excerpts and Individual Piiblications. 
Composition of the till or boulder-clay, by W. O. Crosby. Pro. Bo8. 
Soc. Nat. Hist. Vol. XXV, 1890. 
The Madison boulder, by W. O. Crosby. Appalachia, Vol. VI, No. 1. 
The Kaolin in Blandford, Mass., by W. O. Crosby. Tech. Quart., Vol. 

III, Aug. 1890. 

A new plesiosaur from the Niobrara Cretaceous of Kansas, by S. W. 
Williston. 

A revision of the Cretaceous Echinoidea of North America, by William 
B. Clarke. Johns Hopkins Univ. Clr., No. 86. 

Anglesite, cerussite and suphur from the Mountain View lead mine, 
near Union bridge, Carroll county, Md., by Geo. H. Williams. Johns 
Hopkins Univ. Cir. No. 87. 

Time-reckoning for the twentieth century, by Sanford Fleming, CM. 
G., L. L. D., C. £., etc. Smithsonian Bep. 1886. 

Elementary geology, by Chas. Bird, F. G. S., pp.248, ISmo. Long- 
mans, Green «& Co., London. 

Descriptions of some new species of fossils f^om the Devonian rocks of 
Manitoba, by J. F. Whiteaves. Trans. Roy. Soc. Can. Vol. VIII, Sec. 

IV, 1890. 

Illustrations of the fauna of the St. John group, No. V., by G. F. 
Matthew. Trans. Roy. Soc. Can. Sec. IV, 1890. 

The history of volcanic action in the area of the British Isles, being 
the anniversary address to the geological society of London on Feb. 20, 
1891, by Archibald Gelkie, F. R. S., President; Quar. Jour. Geol. Soc. 
London. Vol. XLVII. 

Foraminifera and Radiolaria from the Cretaceous of Manitoba, by 

Joseph B. Tyrrell, M. A., B. Sc. Trans. Roy. Soc. Can. Vol. VIII, Sec. 

IV, 1890. 

V. Foreign Publications. 

Annales de la Soc6itt» G^ologique du Belgique. 1890. Tomes XVI 
and XVII. 

Records of the Geol. Sur. New South Wales, Vol. II, Parts I and II, 
1890. Dept. of Mines, Sydney. 

The Mesozoic and Tertiary insects of New South Wales, by R. Ethe- 
ridge, Jr., and A. Sidney Oliflf. Memoirs of the Geol. Sur. New South 
Wales, C. S. Wilkinson, F. G. S., geological surveyor-in-charge. Dept. 
of Mines, Sydney. 

Verhand. d. naturhist. Ver. (Bertkan), Bonn, 1890, zwelte Halfte, 
contains : Ueber den Rhein in rOmischer und vorgeschlchtlicher Zeit, 
Schaaffhausen ; Ueber die Braun Rohlenablagerungen Im niederrhein- 
ischen Tertlarbecken, Hensler ; Ueber die Goldfelder SUdafrikas, A. 
Scheuk ; Ueber alte Elsthotigkelt und Gebirgsbildung in Skandinavien, 
Pohlig ; Ueber A Schenk, Glacialerscheinungen in Sttdafrika ; und 
Ueber die carbone Eiszeit. Rauff ; Ueber die Quecksilberlagstatte von 
Almadcn, grOsster Silberkrystall, Rohlig. 

Verhand. d. nat. forsch. Gesellschaft in Basel ; Band IX, Heft I, 
1890, contains : Beltrag zur Keuntniss der Tertiarbildungen der Umge- 
bung von Basel, A. Gutzwiller. 
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Verhand. d. Gtosell. fUr Erd. zu Berlin, Band XVIII, Nos. 3 and 3, 
1891, Georg KoIIm. 

Drelssig. Bericht d. nat. wissen. Ver. fQr Schwaben und Neuburg, 
frtther nat. hist. Ver. in Augsburg, 1890. 

Verhand. zool.— hot. Gesell.in Wien, Dr. Carl Fritsch, 1890, XL Band, 
III and IV Quart. 

Sitzungs. d. k. b5hm. Gesell. der Wiss. Math. — natur. Classe. II Halb- 
jahr, 1890. Prag. contains : Ueber thierische Abdrdcke in der Etage 
C. c. der •SllurformJation, J. Kusta ; Ueber die Vegetation von Baja- 
Californien, Dr. J. Palacky ; Ueber die Krystall form des Tellurdioxyd 
und des basischen Tellursulphates, Dr. K. Vrba ; Ueber Reste mensch- 
llcher Thatlgkeit im Diluvium. 

Jahresber. d. Ver. ftlr Erd. zu Metz fflr 1889-90, contains : Eine 
Besteigung des Etna, Dr. Weigand. 

Annalen d. K. K. Naturhist. Hofmuseums, Dr. F. R. Von Haner, 
Bands V, No. 4. and VI, No. 1. 1890 and 1891. 

Jahresber. d, K. b5hm. Gesell. d. Wiss. fOr 1890, Prag. 

Geol. Mittheil. zu Budapest, Dr. Moriz Staub, Nov. and Dec. 1890, 
contains : Ueber das geologische Profil des Schemnitzer Kaiser Fran- 
cisci Erbstollens, by Ludwig Cseh ; Zur Geologie des Djebel-Bu-Kornien 
Tunis, by Johann Janko ; Daten zur Geologic des Bakony, by Franz 
Schfarzik : Beitrage zur fossilen Flora der Umgebung von Munkacs, by 
Moriz Staub; Beitrage zur geologischen BeschafiFenhcit der Umgebung 
von Munkacs, by Julius Szadeczky. 

Geol. Mittheil, zu Budapest, Dr. M. Staub und Dr. J. Szadeczky, Jan. 
and Mar. 1891. 

Bui. de la Soc. Imp. des Naturalists de Moscou, Prof. Dr. M. Menz- 
bier, 1890, No. 2, contains; Le Neocoraien des Montagues deWorobiewo, 
A. Pavlow ; Ueber den Meteoriten von Turgalsk, E. .Kislakowsky. 

Annual of the Norwegian Geol. Sur. Kristiana, 1890, contains ; 
Graptolite-bearing schists in Vestre Gausdal, by K. O. Bjorlykky 
Felspar, quartz and mica, their occurrence and industral value, by J. P. 
Friis ; The granite quarries at the Idefjord, by Hans Reusch ; Glacial 
striae and boulder-clay in Norwegian Lapponie from a period much 
older than the last ice-age, by Hans Reusch. 

Geol. Notes from the Diocese of Trondhjem, by Hans Reusch, Geol. 
Sur. Norway, 1890, Kristiana. 
Salten og Ranen, by J. H. L. Vogt, Geol. Surv. Norway, 1891, Kristiana. 

Euvahissement graduel de lamer eoceniqueaux Diablerets, Origine et 
age du Gypse et de la cornieule des Alpes vaudoises, Trangressivit^ 
inverse, by E. Renevier, Bull. Soc. Vaud. Sc. Nat. vol. XXVII, p. 41. 



CORRESPONDENCE. 



Dear Sir: I notice in connection with the announcement of the dis- 
covery of fish remains in the Lower Silurian rocks of Colorado, by Mr. 
C. D. Walcott, a statement that the Silurian fish of New Brunswick Dip- 
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laspis acadica is referred to the Lower Helderberg group. Such is not 
my understanding of the age of the bed in which it was found. It is 
stated in Trans. Roy. Soc. Can. Vol. VI, Sec. IV. p. 55, that this fish was 
found in dark carbonaceous shales which are beneath a group of beds con> 
taining a Niagara fauna, and that the shales are presumably of the age 
of the Clinton group. In the preliminary notice of this species it was 
said on the authority of Billings, that the fauna referred to above was 
a Lower Helderberg fauna, but Mr. Ami after examining more exten- 
sive collections than those sent to Mr. Billings said it was of' Niagara 
age. 

My excuse for troubling you with this letter is a desire to have the 
species credited to its true horizon. G. F. Matthew. 

St John, N, B., May 13, '91. 



PERSONAL AND SCIENTIFIC NEWS. 



The Scientific aieetinos at Washington. The Am. Asso. 
Adv. Sci. will meet Aug. 19. The Geol. Soc. Am. will meet Aug. 
24,andtheliit Cong. Geol. will meet Aug. 26,and continue to Sept 
2. These meetings will all be held in the rooms of the Colum- 
bian University, Cor. of 15th and H. streets. A large lecture 
room, smaller rooms for meetings of the councils, exhibition of 
maps, rocks, minerals, etc., have been courteously' set apart by 
the Faculty of the Universit}* for this purpose. 

The Organizing Committee, Int Cong. Geol. proposes, besides 
the regular subjects of discussion, such as unfinished business of 
the former congress, reports of committees, etc. , that the follow- 
ing subjects be made special topics for the consideration of the 
congress at this meeting : 

I. Time correlation of the clastic rocks. 

1. Correlation by structural data. 

a. By stratigraphical data. 

b. By lithological data. 

c. By physiographical data. 

2. Correlation by paleontological data. 

a. By fossil plants. ( a. By marine fossils. 

or ^ 

b. By fossil animals. (b. By terrestrial fossils. 
II. General geological color schemes and other graphic conventions. 

III. Genetic classification of the Pleistocene rocks. 

Award of Geological Medals. The Geological Society of 

London has awarded the various medals at its command to the fol- 
lowing persons : The Wollaston Medal to Prof. J. W. Judd, F. 
R. S. , for his work in Petrography and the balance of the fund to 
Richard Lydekker, Esq., B. A., F. G. S., for his numerous and 
valuable contribution to Vertebrate Palaeontology. The Murchi- 
son Medal to Prof. W. C. Brogger of Ciiristiania, and the balance 
of the fund to the Rev. Richard Baron, F. L. S. , F. G. S. , of 
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Antananarivo. The Lyell Medal to Prof. T. McKenny Hughes, 
F. R. S., for his valuable services, especially among the older 
rocks, and the Lyell Fund to Dr. C. J. Forsyth-Major of Flor- 
ence, for his researches in the Pliocene mammalia of Val d'Amo. 
The Bigsby Medal to Dr. Geo. M. Dawson, F. G. S. , of Ottawa, 
for his researches into the geological structure of Canada. 

Professor Cragin has resigned the professorship of general 
natural historj^ in Washburn College, and has accepted a call to 
the chair of geology in Colorado College. 

The Wheeling W. Va. , deep well. This well was bored for 
gas to a depth of 4,100 feet, by Ohio county. At this depth all 
hope of finding gas was given up, and the abandonment of the 
well was ordered. At the solicitation of Prof. White, of 
Morgantown, the order was recalled and the well dedicated to 
science. The company started to drill again, and went to the end 
of their cable, at 4, 500 feet, where the work was stopped tempo- 
rarily, and officers of the U. S. Geol. survey availed themselves 
of the opportunity to make temperature observations. Dr. Wm. 
Hallock, the physicist of the survey, has been in charge, and has 
already secured preliminary results of exceeding interest. More 
refined observations will be made on the well before starting to 
drill again. The citizens of Wheeling have guaranteed the mone}' 
to pay for future drilling, Mr. Anton Reyman, a public spirited 
citizen, having become surety for the entire amount required to 
make the well the deepest hole in the world (about 5,800 feet.) 
The U. S. Geol. Survey is expected to secure the new boiler aud 
engine required as well as the steel cable, since it is considered 
unsafe to use manilla beyond the present depth. These will prob- 
ably be secured through the generosit}- of some friend of science. 
The Survey has already contributed $500 toward the deepening of 
the well from 4,100 to 4,500 feet. The well offers the best chance 
to secure an average rate for increase in temperature uninfluenced 
by local factors that has ever been presented, since it is perfectly 
free from water, and the region is undisturbed, the rocks dipping 
only 20 to 30 feet per mile. The Wheeling Development Co. is 
the name of the organization that drilled the well, Hon. N. B. 
Scott being president, and J. C. Brad}' sec'}-. The leading manu- 
facturers of Wheeling are the principal stockholders. The well 
begins at the top of the Upper Coal measures and is now down 
nearly to the Corniferous limestone. 

Prof. J. C. Branner, state geolooist of Arkansas, has ac- 
cepted the position tendered him by the Stanford University at 
Palo Alto, Cal., but has leave of absence for a year in order to 
finish the work of the geological survey- of Arkansas. 

Mr. Uly S. Grant, fellow of Johns Hopkins Universit}-, has 
been appointed an assistant on the Minnesota geological surve3^ 

Dr. a. C. Lawson, of the University of California, has been 
engaged for the season of 1891 on the Minnesota geological sur- 
vey. 
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Summary official decapitation. The regents of the Univer- 
sity of Nebraska at a late meeting, with other resolutions adopted 
the following : That the connection of Prof. L. E. Hicks with the 
University be severed after August 1, 1891. — State Journal^ 
Lincoln^ Neb. 

Mr. Ralph S. Tarr, Cambridge, has been appointed professor 
of geology and mineralogy in the University of South Dakota, at 
Vermilion. 

Mr. Herbert A. Wilcox, Tower, Minn., has been emplo^'ed 
on the Missouri geological survey, in the examination of the iron 
deposits or that state. 

Mr. Herbert R. Wood, late of Toronto, will begin service 
August 1st on the Minnesota geological survey. 

Dr. J. Francis Williams, who has been connected with the 
Geological Survey of Arkansas for the past two years, has been 
appointed Assistant Professor of Geolog>' at Cornell University. 
His report on the igneous rocks of Arkansas is now in press. 

Prof. E. H. Barbour, Grinnell, Iowa, has completed ar- 
angements for a paleoutological trip in the bad lands the present 
ummer. 

Dr. George Baur, of Clark University, in company with 
Prof. C. F. Adams, of Champaign, III., will this summer, visit 
the Galapagos islands for the purpose of studying the fauna and 
particularly the mammoth tortoises, with which the islands abound. 
Dr. George H. Williams of .Johns Hopkins University 
is conducting a party of graduate students in geology through 
western Mar^^land. 

Mr. John Eyerman has severed his connection with the 
scientific department of Lafayette College. 

Princeton Scientific Expedition. The ninth Geological Ex- 
pedition to the west will, as usual, be under the leadership of 
Prof. W. B. Scott and will be composed of Prof. W. F. Magie 
and Messrs. E. A. S. Lewis, A. B. Gladwin, A. W. Bentley, I. 
Benet, J. 8. Hosford, C. C. Jefferson, R. A. Stevenson, R. Coul- 
ter, jr. Mr. John Ej^erman, of Easton, will join the party during 
the latter part of the trip. 
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THE RECORDED METEORITES OF IOWA, WITH 

SPECIAL MENTION OF THE LAST, OR 

WINNEBAGO CO., METEORITE. 

Joseph Torrby, Cambridge. Mass., and E. H. Barbour. Grinnell. Iowa. 

It is noteworthy and indeed a remarkable fact that within forty 
odd years four meteorites of more than ordinary interest, — viz., 
the Linn Co., Iowa Co., Emmet Co., and Winnebago Co., met- 
eorites, — have been observed to fail in this state. The first, 
second and fourth of these belong to the * ' stone " class of aerolites, 
and the third to the ** iron " group. 

I. The Linn Co. Meteorite. ^ 

The Linn Co. Meteorite fell in Hartford, Linn Co., at 2:45 a. 
m., Feb. 25, 1847. The following fragments are noted, weighing, 
in pounds : 0.448, 0.369, 0.007, besides other small fragments. 
They all have the characteristic dull black pitted surface. The 
color of the interior is a light gray filled with grains of meteoric 
iron and intersected by cracks filled with crust. The small amount 
of olivine is quite remarkable. 

Analysis of the stony part gave 

Silica 60. 10 per cent. 

Ferrous oxide 23.. 50 ** 

Magnesia 1 1.20 

Magnetic pyrite 4.60 

Soda and potash 30 






99.82 *' 

Analysis of the metal gave 

Nickel 86 per cent. 

Iron 14 *• »* 



*From Huntington's catalogue of all Recorded Meteorites, Proc. Am. 
Acad, of Arts and Sci., 18^7, pp. 37, 110. 
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II. Tht Iowa Co. Meteorite.^ 

The Iowa Co. meteorite fell near Homestead and West Liberty, 
in Iowa Co., at 10:15 p. m., Feb. 12, 1875. Eighteen fragments 
are recorded, weighing as follows, in pounds: 11.96, 6.18, 3.85, 
3.73, 3.70, 2.96, 1.94, 1.51, 0.63, 0.6, 0.44, 0.31. 

The above, with the exception of two or three, are in the col- 
lection of Lawrence Smith. They have the usual dead black crust. 
Specific gravity, about 3.6. Chemicall}- this meteorite is of con- 
siderable interest as it is one of the very few in which the occluded 
gases have been examined and estimated. By heating some of the 
metal freed from matrix, gases were evolved the constitution of 
which varied according to the temperature. 

At 100" C, the gaseous mixture evolved consisted of 

Carbon dioxide 95.46 per cent. 

Carbon monoxide 00.00 ** ** 

Hydrogen 4.54 

Nitrogen 0.00 






100.00 ** * 

When exposed to full red heat there was found 

Carbon dioxide 5.56 per cent. 

Carbon monoxide 0.00 ** ** 

Hydrogen 87.53 " *» 

Nitrogen 6.91 



(( (( 



100.00 ** " 
III. The Emmet Co. Meteorite.^ 

The p]ramet Co. meteorite (called -'The Perry Meteor") fell 
near Estherville, Emmet Co., at 5 p. m., May 10, 1879. Sixteen 
large masses are on record, weighing respectivel}^, in pounds : 500 
(sent to the British Museum, and subsequently divided between 
London, Berlin and Vienna,) 175 ( Univei-sity of Minnesota), 2.21, 
1.81, 1.31, 1.21, 1.07, 0.95, 0.36, 0.32, 0.23, 0.18, 0.14, 0.14, 
besides many small pieces. 

The aerolites belonging to this fall are of the iron type, and 
consist generally of a network of iron enclosing olivine. The pro- 
portion of the two varies greatly in the different individual masses, 
some being nearly all iron w^hile others contain but little. Crust 
bluish. The specific gravity of the stony portion was found to be 
3.35, of tlie metal 5.97. 

In clieraieal composition, the Emmet Co. meteorite, so far as 
examined, has no strongly distinguishing features. 

^Ain. Jour. Sci., 2d Series, Vol. VI, p. 40.>. 
^Huntinjfion's Catalogue. • 
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IV. Tlit Winnebago Co. Mettorite.^ 
TLe Wianebago Co. meteorite fell near the new town of Thomp- 
son eleven miles northwest of Forest City, Winnebago Co., at 5:15 
p. m.. May 2. 1890. Seven large fragments are noted, weighing 
respettively m pounds 8C 66 10 10, 60 oz., 60 oz., and, ac- 
cording to professor \ II ^^ inchell, a)x>ut 5,000 small fragments, 
weighing from the fi action of an ounte to a pound or more. 

■—^r^~'~~~^~^ Between two and 

**" ^ ^C\ three hundred small 

V IJ^M v\ fragments are in the 

-a' J -"SI ^\ collection of Yale Uni- 

i;^"^^^^ ' £W^ V\ ^'<^'^'tJ' alone. About 

" ' \ 100 pieces and the 66 

Wj^j'mJii^^^B^^ *•=. '') l>OLind piece are in the 

|-i J^ *\-! aeS^ ^ J^^i University of Minneao- 

■ "^?** ?.^(Bia, if^""/ ^ Others are owned 

'^-feiki.^^^^' ^E / ^^' ^^"^ *°^ Howell, 

.•r'^^^P^'V ^ ^^ I RnnKoatur V V anil 



K 




ww^^ 



Rochester, N. Y., and 

by Geo. F. Kunz, New 

1^ * ?^^ ^'orfe- The dead black 

scoriaceous crust when 

ropic section from ti.e «^.y*x pound ^^^^'^ '^^''^'^ « ''S^* 
WiniielBBo stone shoninK dark spider hka part- grev stone interspersed 
ide8o(ir<nd,Mrl,utcdtlTOu«btI,em«nx ^i^J^ innumerable dark 

particles of iron, and globules of troilite, quite like the Iowa Co. 
stones in appearance Thin seams and cracks occur occasionally 
filled with a substance that has somewhat the appearance of 
graphite and small spheroidal masses of olivine are abundant. 
Specific gra\ity A 63"^ 

Chemical composition of the mitrix from a fragment of the C6 
pound aerolite 

Silica 47.03 [ler eeiit. 

Iron oxide 20.43 " " 

O^ido of aluminium 3.it4 " " 

Limp 17..-JS '• '• 

Magiitsla a.lHi ■■ " 

on. 9-1 •' " 
This is but the approximate composition, and it is our opinion 
that nothing else should be offered, and that no analysis yet pub- 
lished is strictly reliable owing to the non-hom<^eneous character 

'See Winnebago Co. Meteorites, Notes and analyses of the 104 pound 
stone. Science June G, 1S90. 
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of the matrix. Another difficulty not sufficiently ree(^ized and 
taken into account is the extreme difficult}' experienced in separat- 
ing the iron from the matrix by the magnet, a thing practically 
impossible, owing to the infinitesimal division of the iron, which 
is still visible under the microscope even in the impalpable powder. 
A partial analysis was also made of the metal, separated as 
completely as was practicable from the matrix, giving the follow- 
ing results : 

Iron 95.79 per cent. 

Nickel 2.89 ** ** 

Silicon 0.03 ** " 

Carbon and manpranese undetermined. 

Sulphur 0.68 

Phosphorus 0.54 



t4 (i 



99.93 ** ** 

Analyses of this kind appear to be of sufficient interest to pub- 
lish, but it is most earnestly to be hoped that they ma^^ speedily 
be supplanted by much more thorough and searching ones. Until 
they are, the sum total of our knowledge of these verj' interesting 
bodies will remain as it is now, exceedingly small. 

The so-called 104 pound fragment or << Kossuth Co. aerolite," 
desen es mention here from the fact that it figured in all the earlier 
notices, at least, as the largest fragment of the Winnebago Co. 
meteorite, being sold as such to parties in Forest City, whereas it 
is simply a fraud. Pieces of the boulder, commonly c^ed * * nig- 
ger-head," were sent us at once for examination. Analysis showed 
it to be a diorite or allied rock, without crust ; no metal present. 
Gra\'ity (2.83 ) about a unit lower than that of the meteorite. 

In its passage the meteor was seen throughout all Iowa, and ob- 
servers report it from Kansas, Dakota and Minnesota. 

However exaggerated the press reports may have been in cer- 
tain instances, the fact of its splendor stands nevertheless ; so too 
the fact of the terror which the sudden light, the hissing passage, 
and terrific explosion inspired in the people of northern Iowa, es- 
pecially Winnebago Co. and immediate vicinity. Reports from all 
the towns and cities for many miles around Winnebago Co. liken 
the noise of the explosion to heavy cannonading, accompanied b}' 
a ^< rushing sound" or unearthly hissing and a noticeable tremor 
which caused the citizens to fl}' from their houses to inquire into 
the cause. This vivid display occurred in the face of a bright 
spring sun, and an almost cloudless sky. The dazzling head — 
likened to the moon in size — < < sputtering " and throwing oflT a long 
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train of sparks : the heavy line of black smoke left in its wake to 
mark its course for a full ten or fifteen minutes : all were seen and 
marvelled at by the people of several states. Its course to the eye 
was from southwest to northeast, and its inclination to the earth 
most commonly judged to be about 55°. One well authenticated 
but suprising report comes from Tabor, in the extreme south- 
western comer of the state, to the eflfect that the ' ^ noise there was 
like thunder, and was compared by some to an earthquake shock, 
the jarring of the ground being so evident, and that four distinct 
explosions were observed by one. " 

This is a point of considerable interest to us, for at Grinnell 
but faint noise, if any at all, accompanied the transit. Although 
the clamor over a hotly contested game of ball on the athletic field 
of the campus hindered the students and faculty, who saw it, from 
making careful observations on this point, yet to satisfy ourselves 
we visited all the farmers for some twenty miles northwest of 
Grinnell to find but one who thought possibly he heard a noise in 
connection with the passage through the air. It was surely ac- 
companied by little or only imaginary noise at this point. 

The train of smoke left by the meteorite seems worthy of notice. 
The velocity of the meteorite was such that its transit through the 
earth's atmosphere was momentary, and at the time the head 
passed below the horizon, the entire course of the meteor was 
marked by a broad ribbon of smoke, having straight, sharply de- 
fined edges. It was interesting to notice how this ribbon of smoke 
tapered oflf toward the higher atmosphere, as if vanishing in per- 
spective, showing the great rarity at that elevation. The smoke 
began to curl awa}' gradually, but lingered for a full fifteen or 
twenty minutes before disappearing entirely. The fall was largely 
on unimproved land near Thompson, covering with fragments an 
elliptical area some two or three miles long by one and a half wide, 
( It seems as if the major axis might be taken roughly as the 
direction of the meteor, that is N.E. as it appeared to the 
eye. Or, as professor Winchell suggests, the line of direction is 
more nearly that of the line of impact of the large fragments, that 
is N.W. ) The %^ pound fragment buried itself, close to a farmer 
in the field, more than three feet in the harti prairie soil. It was 
not dug out till the next day. Professor Winchell, who visited 
the spot at once, kindly informs us that the 66 pound stone was 
not hot when dug out, notwithstanding all reports to the contrary, 
and that the clay around it was neither baked nor in any way 
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changed ; and that the 80 pound stone fell on old turf, where the 
last 3 ear's grass remained dry, and after the stone was taken out, 
portions of the grass carried down by it, adhered to the surface 
unbumed. Besides one piece fell on a straw stack, and did not 
fire the straw. 

On the accompanying map of Winnebago Co. the positions of 
the large fragments are indicated b}' their respective weights. The 
counties in which meteorites have fallen are indicated in the small 
county map of the state of Iowa. 

For assistance in preparing the map and for other information, 
specimens, etc. , we are indebted to the Messrs. Secor and Law, 
and the Messrs. Thompson of Forest Citj'. 



ON THE CONTRAST IN COLOR OF THE SOILS 
OF HIGH AND LOW LATITUDES. 

BY W. O. CROSBY. 

The general contrast in color of northern and southern soils has 
attracted my attention for many years ; and six years ago I sug- 
gested an explanation of this difference, which is evidently due to 
the condition of the ferric oxide, in a communication to the Boston 
Society of Natural Histor}',^ from which several paragraphs maj* 
be advantageously quoted as an introduction to the present paper. 

The prevailing difference in color between the soils of the North and 
South is an unquestionable fact, and must be familiar to many travelers ; 
and yet, but few geological writers have even mentioned it, and, so far 
as I can learn, no explanation of it has heretofore been proposed. In 
all latitudes, the most superHcial detritus, the true agricultural soil, is, 
in a large measure, distinctly carbonaceous, or the organic matter has 
at least been sufficient to more or less completely discharge the brown, 
yellow, and red colors due to the ferric oxides. But in the surface soil 
to a considerable extent, and in the subsoil generally, the ferric oxides 
are still the predominant coloring agents. Now throughout the north- 
ern states and Canada the soils, where their colors can be ascribed to 
ferric oxide, are generally, almost universally, brownish or yellowish, 
but not distinctly red. The only important exceptions are where the 
red soil results from the disintegration of a red rock, or is itself geologi- 
cally old. Thus, the red color of the soil on the Triassic areas, and of 
the clays at Brandon, Vermont, and Gay Head, does not belong to the 
present or any recent period, but is due to the peroxidation of iron in 
Triassic and Tertiary times. On the other hand, one of the most strik- 
ing features of the scenery of the southern states, especially for north- 

* Proceedings of the Boston Society of Natural History, Vol. XXIII., 
pp. 211>— 222. 
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em eyes, is the bright red color of the soil, and the general predominance 
of this color over the brownish and yellowish tints. This begins to be 
noticeable In the latitude of southern Pennsylvania, and becomes more 
and more marked as we cross Virginia into the Carolinas ; while in the 
West Indies and South America the redness of the soil is even more 
intense and universal than in the southern states. So far as I have 
been able to learn by reading and inquiry, this difference in color be- 
tween the soils of high and low latitudes is more or less distinctly 
observable in all longitudes, and in the southern as well as in the 
northern hemisphere. 

The brown, yellow and buff colors, so characteristic of northern soils, 
are undoubtedly due chiefly to the yellow ferric hydrates, like gOthite, 
limonite, and xanthosiderite ; while the red color of southern soils, 
although commoiriy attributed to hematite, is probably in many, if not 
most cases due to the red ferric hydrate turgite. The main question, 
then, Why are northern soils yellow and southern soils red ? is really 
equivalent to. Why is the ferric oxide in northern soils highly hydr 
atcd (gOthite, limonite, etc. ), while that In the southern soils is only 
slightly hydrated, ( turgite ), or anhydrous ( hematite ) ? 

It is manifestly impossible to answer this question by correlating the 
difference in color with a difference In the rocks of the two regions; for, 
while the red clays of the South are found on nearly all geological for- 
mations, they appear to have their best development on the primary or 
crystalline rocks, and these are indistinguishable from the similar rocks 
of the North. But a satisfactory solution is, I think, found by correlat- 
ing the color-difference with the one physical feature upon which all the 
other contrasts between the North and South depend — the climate. In 
other words, the difference in color depends upon the difference in tem- 
perature. It is well known to chemists that ferric hydrate, the coloring 
agent of northern soils, is dehydrated at the temperature of boiling 
water ; and it seems probable that a partial, if not complete dehydration 
may result at much lower temperatures, if unlimited or geologically long 
time is allowed. And, In this connection, it is important to observe that 
the surface soils of the South attain at times a high temperature, and 
that in both regions, but especially in the South, the detritus is, quite 
eeriainly, chiefly of preglaclal origin. The detritus of the South, it is 
well known, is, except on the flood-plains of the streams, chiefly seden- 
tary, often retaining almost perfectly the structure lines of the rock 
from which it is derived ; while the debris covering the rocks in the 
North is almost wholly transported, consisting of the modifled and 
unmodified glacial drift. Hence it is evident that the characteristic 
colors of the North and South are approximately coterminous with the 
sedentary detritus and drift. But it seems impossible to ascribe the 
color-difference to glaciatlon ; for wherever in the North we find seden- 
tary soils, either post or ante-glacial, as In the case of trap dikes which 
have been decomposed to a considerable depth below the surface of the 
inclosing rocks, the colors are brown and yellew, never red. 

Although it seems not to have attracted general attention, my obser- 
vations show that frequently, if not always, the red color of the South- 
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eru soils is a merely superficial phenomenon, being most strongly marked 
at the surface, and gradually changing to yellow at a moderate depth. 
This fact, if fully established, will strongly corroborate the view hero 
proposed, that the solar heat is the principal cause of the dehydration 
of the ferric oxide. 

Nearly all soils originate directly or indirectly, in the decay of the 
silicate minerals of the crystalline rocks, in which the iron is very laraely 
in the ferrous state. And it is well known that the meteoric waters 
percolating through the rocks not only introduce the carbon dioxide^ 
which is the chief agent in the kaolinization of the anhydrous silicates, 
but also the free oxygen required for the peroxidation of the iron. The 
sedentary soils of the South show very plainly also that the second pro-- 
cess does not keep pace with the first ; for, while the superficial soil 
exhibits the brilliant colors of the ferric oxides, in the lower portion, 
which shades off insensibly into the underlying rocks, grayish and bluish 
tints prevail, indicating that the iron is still chiefly in the ferrous state. 
Hence the normal vertical order of colors in sedentary detritus seems to 
be as follows, beginning at the base : 1, Bluish, grayish and neutral tints, 
due to ferrous oxide ; 2, the yellow and brown tints of the ferric hyd- 
rates; and, 3, in warm countries, the red resulting from the dehydration 
of the ferric hvd rates. 

The foregoing embodies the chief points of my previous paper, 
which was based very largely upon personal observations made 
some twenty 3'ears ago while I was engaged in mining operations 
in North Carolina and Virginia, and enjoyed unusually favorable 
opportunities for observing fresh and normal sections of the sed- 
entary soil. Later, also, I traveled extensively in these and other 
southern states ; in the West Indies, from Cuba to Trinidad and 
the northern coast of South America ; and in Europe, from Sicily 
to Scandinavia — giving particular attention everywhere to the 
colors of the soils. That paper was published in the hope that it 
would call out the observations and views of other geologists ; but 
it appears to have borne no fruit of that kind until the appearance, 
a little more than a 3'ear ago, of the comprehensive and valuable 
monograph by I. C. Russell on the " subaerial decay of rocks and 
origin of the red color of certain formations,"^ to which the 
author has appended an important bibliographic list. In the first 
part of this essa}- relating to the subaerial decay of rocks. 

Attention is directed to the widespread decay of the surface rocks 
throughout the Appalachian region, south of the southern limit of the 
glaciated area of northeastern America. It is shown, also, that rock- 
decay is far more advanced in the southern than in the central and 
northern Atlantic states, and increases gradually southward. This vari- 

^Bulletin No. 52 of the United States Geological Survey, Washing- 
ton, 1889. 
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atlon Is thought to be duo to climatic causes, combined with recent 
orographic movements which have accelerated denudation in the 
northern portion of the region under discussion. From the brief review 
of the geographical distribution of residual deposits in various regions, 
together with other considerations, the conclusion is drawn that rocks 
decay most rapidly in warm, humid climates. 

After describing the characteristics of the residual or sedentary 
clays of the South, including the color, Mr. Russell refers to m}' 
contribution as follows : 

The contrast in color between northern and southern landscapes in 
the Appalachian belt has recently been explained by W. O. Crosby . . . 
on the assumption that the observed difference of color has resulted 
directly from differences of temperature between the North and South. 
In the essay referred to it is urged that the higher temperature at the 
South is capable of dehydrating the ferric oxides impregnating the soils, 
thus changing their color from yellow to red ; and also that the red 
color of residual clays is a superficial phenomenon, confined to the 
immediate surface of the deposits. My own observations do not confirm 
these conclusions. At many localities in the Appalachian region south 
of Pennsylvania where residual deposits were observed, the character^ 
istic red color was seen to extend far below the surface, and as a rule to 
reach the bottom of fresh exposures. In many localities the color of the 
residual clays at a depth of twenty or even fifty feet is similar, so far as 
the eye can distinguish, to the color in the same sections only a foot or 
two below the surface. The great depth to which the red color extends 
renders It evident that it cannot be directly dependent on solar heat. 
Again, over considerable areas in the South the surface clays are vari- 
ous shades of yellow, which would not be expected if the red color of 
adjacent fields is duo to temperature. 

During the last six years I have gri^dually come to attach less 
weight than at first to the difference in temperature as a sole and 
sufficient cause of the difference in color between northern and 
southern soils ; but I still hold that it is an important factor in the 
entirely adequate explanation ; and so, apparently, does Mr. 
Russell. In fact, he proves that the cause must be largely cli- 
matic by showing : ( 1 ) that the tj'pical residual clays of the South 
are usually red, and common to a great variety of geological for- 
mations ; and ( 2 ) that, as already quoted, they are conditioned in 
a very large degree by the combined action of heat and moisture, 
being but scantily developed in the arid regions of the South, and 
never with a red color under the humid climate of the North. 
Since the rocks from which the red claj's are derived are almost 
never red, the redness is evidently incidental to the kaolinization, 
and its cause may therefore be looked for with much probability, 
at least, among the conditions favoring kaolinization, of which 
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heat is clearlj* one of the most important Again, in spite of the 
recent glaciation, evidences of kaolinization are not wanting in the 
North ; but the resulting clay, the true sedentary soil of the 
North, is never red, indicating very plainly that, while a warm 
climate is not strictly essential to the formation of residual clays, 
it is a necessary condition of the development of the red color. 
Prof. J. D. Dana emphasizes this point in a review * of Mr. Rus- 
sell's work, from which a few sentences may be quoted : 

The contrast in colors between the northern and southern states is 
spoken of (by Russell) as ** contrast between a glaciated country and a 
region in which atmospheric decay has progressed uninterruptedly for 
ages.'* Mr. Russell, knowing less of New England than of other parts 
of the country, does not appreciate as strongly as professor Crosby, 
whom he criticises, the full character of this difference. There is wide 
decomposition at the North, and its rapid progress in the case of syen- 
ites, mica schists, gneisses, granites, and hornblende schists during the 
past forty years, is very strikingly exhibited alongrside of many railroad 
cuts. The fact to be accounted for is that these decompositions over 
New England, whether in the trap of trap dikes or in metamorphic 
rocks, produces almost iierer red earth ; while at the South, red earth 
predominates. The glacial movements and orographic changes have 
nothing to do with this. The fact is simply that in New England the 
result of the iron oxidation attending the decay is limonite, the hydrous, 
yellow-brown iron oxide, and not anhydrous Fe*0*. The writer has often 
tried to discover a reason for the different result at the South ; he does 
not find one in Mr. Russell's excellent paper. 

In what manner, if any, the milder climate of the South pro- 
motes the development of the red color, except directly by favoring 
the dehydration of the iron oxide, I have not attempted to explain ; 
but when we consider that, aside from the glaciation of the North, 
there is virtually or primarily but this one physical contrast be- 
tween the North and South, it seems impossible to doubt the 
existence, directlv or indirectlv, of a casual connection between 
the temperature and the color of the soil. The fact that Mr. Rus- 
sell questions this conclusion caused me, however, less surprise 
than his attempt to fortify that negative position by denying that 
the red color of southern clays is essentially a superficial feat- 
ure. I was amazed at his statements in this regard, and asked 
mvself a^rain and aeain if mv recollection of what I had seen in 
the gold mines of North Carolina and elsewhere could possibly be 
so far astray. Being unwilling to controvert the Aiews of so com- 
petent an observer without a fresh examination of the facts, I have 
waited for an opportunity to go over the ground again. Fortunately, 

» American Journal of Science, Volume XXXIX., 1890, pp. 317-319. 
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' I have been able during the past year to make two journeys in the 
South — one to Asheville, by the usual route through the Piedmont 
district of Virginia and North Carolina, and the other down the 
great Appalachian valley to the vicinity of the Natural Bridge — 
giving, in both cases, especial attention to the distribution of the 
9olors in the superficial detritus. 

Briefly stated, the general result of these recent observations is 
a complete confirmation of my original views ; but I am able 
now to make more definite statements than formerly. In the great 
majority of the sections observed in the Piedmont region of both 
North Carolina and Virginia, including all which could be de- 
scribed as normal examples, i. e. , as unmodified by disturbance or 
erosion, the distinctly red soil is very superficial, varying in thick- 
ness, as a rule, only from two to five feet, and very rarely exceed- 
ing ten feet. It is usually reddest, at, or near, the surface, 
changing downward gradually, more rarely abruptly, through 
various shades of orange to yellow ; while occasional complete 
sections show the yellow changing through paler tints to gray or 
the color of the underlying hard rocks. This is certainly the nor- 
mal succession of colors in a complete vertical section, as described 
in my earlier paper. The slight depth — two to five or ten feet — 
reached by the red color was noted again and again in scores of 
sections. It was usually easy to see, however, how hasty or un- 
garded observations might lead to a different conclusion ; for the 
wash of the rains has, in most cases, carried the superficial red 
clay down over the entire face of the section. In this way the 
orange and yellow are often almost completely blotted out, except 
where an occasional gully, one to several feet in depth, notches the 
face of the cutting and exposes a clean, fresh, undisturbed, vertical 
section of the clays. When passing through the railway cuttings my 
eyes were always focussed upon these gullies or minature ravines ; 
and when on foot I have proved by actual digging that the yellow 
color seen in the middle «nd lower part of the gullies is strictly in 
situ^ and that the red color at the same levels between the gullies 
is what it appears to be, a mere surface wash — a red veil descend- 
ing from the red crown at the top of the section. 

For the past twelve years I have had in my teaching collection a 
series of specimens illustrating the normal gradation of colors 
from the surface soil to the underlying rock, which were carefully 
selected for this purpose at a gold mine in Fluvanna count3% Vir- 
ginia ; the entire section, from the surface to the unaltered mica 
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schist, measuring, in this instance, less than 12 feet, and the red 
clay less than 3 feet. More recentl}', I have collected a similar 
series in the vicinitj' of Rock creek, in the District of Columbia. 

In connection with his criticism of m}' views, Mr. Russell refers 
to a quotation, on an earlier page of his essa}', from an account by 
Prof. E. A. Smith of the residual clays of Alabama^ Professor 
Smith's description, so far as it is pertinent to the present dis- 
cussion, is as follows : 

The soil of the red lands Is derived from the decomposed hornblendic 
gneisses and slates, which in many places, where exposed In washes or 
gullies, are seen to be mere stratified clays, containing fragments, more 
or less angular, of the quartz veins or seams, which are nearly always 
interbedded with the other rocks of this region. The top stratum of 
this soil, from two to three inches in depth, has often a dark chocolate- 
brown color, but below It becomes a bright red, and at varying depths, 
from ten to fifteen feet, becomes a yellowish, liard clay. Where the 
freshly decomposed rocks are seen the color is yelUnvlsh rather Uuin red, 
the latter color ( red ) being darker and more intense, apparently, the 
further removed Vie soil is from Its original position and the more it is 
affected by the decay of the vegetable matter. 

The italics are m}' own ; but how this description lends any sup- 
port to Mr. Russell's criticism is certainly not very clear ; on the 
contrary-, it corroborates my statements that the red color is limited 
to the vicinity of the surface, and that the deeper and newer clay 
in every normal section is yellow. Professor Smith's description 
( which would apply equally well to large areas in Georgia ) indi- 
cates, what might naturally be expected from the lower latitude, a 
greater average thickness of the red clay than I have observed in 
North Carolina and Virginia. 

Whatever the cause of the superficial dehydration of the ferric 
oxide, changing the color from yellow to red, it is unquestionably 
a slow process ; and since the red portion of the soil is clearly the 
oldest part, residual, unlike sedimentary, deposits growing from 
the top downward, we may find here an eas}' and sufficient expla- 
nation of the point in Mr. Russell's criticism to the effect that *' over 
considerable areas in the South the surf ace clays are various shades 
of yellow, which would not be expected if the red color of adjacent 
fields is due to temperature " ( page 42 ). We have only to sup- 
pose that erosion, which acts upon all areas in some degree, is 
hero sufficiently rapid to prevent the development of the red color, 
removing the clay before it has time to change its hue. Mr. Rus- 
sel has pointed out verj- clearly that the simple existence of the 

» Geological Survey of Alabama, Report for 1881, and 1882, p. 184. 
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residual clays proves a general predominance of decay over denu- 
dation ; but even where the rate of decay is uniform, the ever 
varying conditions of erosion must give rise to every phase be- 
tween the greatest observed depth of undisturbed residual clay 
with the full complement of colors — red, orange, yellow, and gray 
— and the hard, bare ledges seen in crags and stream beds ; and 
we may safely predict that in passing from the one extreme of 
denudation to the other, these tints will, as a rule, appear in suc- 
cession at the surface. 

According to my observations, the surface of the strictly seden- 
tary detritus of the Piedmont region is rarely yellow, except 
where the conditions are obviously more favorable for rapid erosion 
than over adjacent red areas. Often in the same limited field it 
can be seen that the steeper slopes of the land, or, in general, 
those areas most exposed to the wash of the rains, are yellow, 
while the more level or less exposed parts are red. The colors 
thus tend to distinguish the areas of slow and rapid erosion ; but 
it is intended, of course, to embrace in the latter, as in the former, 
only the general ablation of the surface, and not the gullies so 
characteristic of southern hillsides, which, when once started, 
quickly cut clean, vertical sections through the clays. Now the 
fact that the red clay washed by the rains from the steeper slopes 
must be spread, in large part, over the more level areas imme- 
diately adjoining, affords an obvious and simple explanation, not 
only of the constantly varying thickness of the red clay, but 
especially of the exceptional!}^ great thicknesses sometimes 
observed. I have purposely neglected to take account of these 
before, because the statement that the red clay is mainly super- 
ficial was intended to apply only to detritus that is still in situ, or 
strictly sedentary. No argument is required to show that by rain- 
wash from surrounding slopes the red clay might be accumulated 
upon a limited area to almost any depth, even fifty feet, as stated 
by Russell. But it is an obvious mistake to compare such special 
accumulations of transported detritus, which are in general readily 
recognized by their situations and horizontal stratification, with 
cla}' which is still in situ. The same principle also explains the 
exposure of 3'ellow clay over level areas ; for evidently when the 
red clay has been completely washed from the slopes, the 3^ellow 
clay will experience a similar ablation ; and it is not difficult to 
see how the conditions would often be favorable to a commingling 
or inter-stratification of red and yellow clays. 
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On passing from the PieclmoDt district of North Carolina to the 
Blue Ridge and the tableland beyond, the red clay, through the 
accelerated erosion, rapidly disappears, except in the most pro- 
tected places. The outcropping ledges and crags are bordered by 
successive and perfectly blended zones of disintegrating rock, and 
gray, grayish yellow, and yellow clays ; and only, as a rule, on 
the gentlest declivities are orange and red tints observed. The 
same conditions were observed in the Appalachian valley, between 
the Pennsylvania line and the Natural Bridge, yellow and orange 
being the prevailing colors, and red rarely occurring in consider^ 
able patches. Although the comparative absence of the red clay 
in these more elevated and mountainous areas might be attributed 
to the colder climate, the correlation with the accelerated erosioa 
appears on the whole more simple and direct ; and the latter must 
certainly be regarded as at least the chief cause. 

Although it appears unnecessary to materially modify my pre^ 
vious statements concerning the distribution of the colors in sed- 
entary detritus, I am, as already stated, less disposed than formerly 
to insist upon the entire adequacy of the warmer climate of the 
South as an explanation of the red surface soil of that section. 

The dehydration of the ferric oxide is not wholly dependent 
upon heat or pressure or any obvious extraneous agency, but it la 
in a large degree, apparently, a spontaneous process. Of this we 
have abundant evidence in nature and in the laboratory. When 
the iron, which exists in the various silicate minerals chiefly in the 
ferrous state, is liberated and peroxidized during the decay of these 
species, it combines naturally with a very large and indefinite pro- 
portion of water, forming the yellow hydrate which is seen as a 
flocculent or a gelatinous colloid in the waters of springs, bogs, 
and marshes, and when the hydrate is obtained as a precipitate in 
the laboratory. But this colloid mass, even If immersed in water 
and entirely undisturbed, gradually and spontaneously gives off a 
large part of the water which the ferric oxide has so greedily 
absorbed when in the nascent state ; and it appears thus, as it 
slowly solidifies and hardens, to pass in succession through the 
forms of the various native yellow hydrates — limnite, xanthosis 
derife and limonite, to gOthite. That this progressive change 
continues is evident from the fact that these yellow hydrates are 
gradually replaced in the older formations by the red hydrate 
(turgite) and by ferric anhydride (hematite). When occurring as 
original or contemporaneous, and not as secondary, deposits, the 
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yellow ores of iron are found, as a rule, only in the later rocks ; 
while the red ores are generally restricted to the earlier rocks. 
This genetic relation of the yellow and red ores is one of the most 
familiar and generally accepted facts in geology. However recent 
the origin of the red ore (turgite or hematite) may appear to be in 
any case, we naturally infer that it was first yellow, and that it 
has passed slowly or rapidly, as the case may be, but gradually, 
through the series of yellow hydrates. 

The frequent absence of any apparent cause for this change 
leads us to assume that it is essentially spontaneous, in the sense 
that, although often hastened by heat or other extraneous agency, 
it would take place eventually without such aid. This view is 
strengthened by the analogous series of changes exhibited by 
silica. The gelajbinous silicic hydrate obtained in the labratory or 
seen in the waters of thermal springs, loses water and hardens 
spontaneously, and eventually reaches the comparatively stable 
condition of opal, which is comparable with limonite ; and since 
opal, like limonite, is always of recent origin, we know that it 
must change more slowly into anhydrous silica or quartz, as 
limonite changes to hematite. The aluminum and other hydrates 
manifest a similar tendency. As the dehj^dration continues, there 
is a concomitant change from the amorphous to the crystalline 
state, analogous to that observed in the devitrification of glass 
and obsidian ; and the dehydration is probably as spontaneous 
as the crystallization. 

If it be conceded that the dehydration is virtually, if not abso- 
lutely, spontaneous, and there is no apparent alternative, it fol- 
lows that the color of a deposit, so far as it is due to ferric oxide, 
is, other things being equal, a function of its geological age. In 
other words, the color naturally tends with the lapse of time to 
change from yellow to red ; and, although this tendency exists in- 
dependently of the temperature, it is undoubtedly greatly favored 
by a warm climate. Applying this principle to the sedentary soil 
of the South, we find that the superficial portion is red, not alone 
because it is exposed to a higher temperature than the subjacent 
yellow clay, but also because it is the oldest part. On the other 
hand, the limited occurrences of post-glacial se<lentary detritus in 
the North are, in the absence of the favoring climatic influence, 
still too young to exhibit the change of color even superficially. 

It is generally conceded that the glaciated area was, in pregla- 
cial times, covered with a continuous sheet of sedentary detritus 
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similar to that of the South, but probably not so thick. This now 
forms a large part of the till or bowlder-clay ; and in its colors, 
thoroughly mixed and greatly diluted with gray (trituated rock), 
we have the color of the till. A simple experiment shows that a 
small proportion of the red clay of the South mixed with gray clay 
gives a decided reddish tinge to the whole. The absence of this 
reddish tinge in the till may, however, be at least partly explained 
by the strong erosion attending the preglacial elevation of the land; 
on the same principal that the red clay is now mainly wanting on 
the mountains of the South. It seems, however, impossible that 
a thickness of red clay in the North comparable with what now ex- 
ists in the South could have been so completely swept away or ex- 
tinguished as the character of the till would indicate. Hence we 
naturally fall back again upon the alternative view that the red 
color was developed very sc^tily, if at all, in the North, in pre- 
glacial times, and that, after all, the climatic difference is an im- 
portant factor in the true explanation of the contrast in color be- 
tween the residual clays of the North and South. Certainly no 
other explanation accounts so satisfactorily for the fact that in low 
latitudes flows of basaltic lava assume in a few 3'ears a bright red 
color, which never happens in the North. The general conclusion, 
then, to which the foi*egoing considerations lead is that the color- 
contrast is due chiefly to the difference in climate, but that the 
operation of this principle Is modifled in a general way by the 
essentially spontaneous tendency of the color to change from yel- 
low to red. 



THE FAUNA OF THE LOWER CAMBRIAN OR 

OLENELLUS ZONE. 

By Jos. F. James, WashiDgrton. 

This paper* occupies pages 509 to 763 of the tenth annual re- 
port of the director of the U. S. geological survey, and it is the 
third extended paper published by the author upon the Cambrian 
during the past six years. It is profusely illustrated with three 
maps, fifty plates of fossils, and numerous sections in the text. 
The author has been an earnest student of the Cambrian rocks for 
many years, and students of geology and paleontology will appre- 
ciate this presentation of the fruits of his^labor. 

The paper under consideration treats solely of the lowest divis- 

*The fauna of the Lower Cambrian or Olenelliis zone. By C. D. 
Walcott. 
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ion of the Cambrian : a subdivision of the geological scale that, 
a few years ago, was regarded as of scarcely any importance even 
if it were really known , and a subdivision that has scarcely yet 
found its way into geological text-books. It contains material for 
the earnest considerations of geologists of America, and if its con- 
clusions be accepted, it must very materially alter man}* concep- 
tions at present entertained. 

In the two previous publications above^'referred to' Mr. Walcott 
considered the rocks containing Olenellus as of Middle Cambrian, 
and those containing Faradoxldes as of Lower Cambrian age. A 
careful study of a complete section in Newfoundland revealed the 
fact that in reality Olenellus occupied rocks below those containing 
ParadoxideSj and were, consequently older. He was the first to 
announce the discovery, and promptly corrected the previously er- 
roneous idea. The question of the adoption of the term * * Cam- 
brian " in preference to ** Taconic " is not entered into, though the 
former is definitely adopted. A careful study of the literature has 
convinced him, however, as it would those who give it equal at- 
tention, that Cambrian was applied by Sedgwick to rocks below 
those containing a typical Lower Silurian fauna, as the Taconic 
was applied by Emmons : and Cambrian has eight years priority 
over Taconic. 

The scope of the paper under review is wide, including a bibli- 
graphy, an historical review of the literature, and a discussion of 
the results from both a geological and a zoological standpoint. 
Under the head of "Historical Review," we find notices of the 
work of prominent investigators from the time of Amos Eaton in 
1818 down to the year 1890. It is true Eaton did not recognize 
the Cambrian as such in his early work, but inasmuch as the local- 
ities studied by him are now known to contain rocks of Lower 
Cambrian age, it was considered fitting to begin with his work. 

The first fossils were found in rocks of this age by Dr. Asa Fitch 
in 1844. They were described by Emmons in the same year, and 
referred by him to his Taconic system. Barrande in 18G0 identi- 
fied these fossils as belonging to the Primordial Period, and 
credited Emmons with the discovery of their stratigraphical posi- 
tion. Mr. Walcott, however, considers that the credit should be 
given to Barrande, who he says, *^was misled by the evidence 
advanced by Dr. Emmons, which was based on the erroneous inter- 

^These are Bulletins No. 10 and No. 30 of the U. S. Geol. Survey, pub- 
lished in 1884 and 1886. 
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pretation of the geological structure by Eaton, in 1824, and fol- 
lowed by Emmons in 1856." (p. 528.) 

The discoveries made in various localities by different workers 
are referred to in some detail, and the geological is followed by an 
account of the palenotological investigation. In this review men- 
tion is made of the different genera and species described between 
1844 and 1890. Fossils from the Olenellus zone were not found 
in Europe until 1868, when Nathorst recorded them from Sweden. 
Since that date they have been found in Norway, Russia and Great 
Britian. 

In establishing the limits of the Olenellus zone, the base is con- 
sidered by Mr. Walcott to be * * where the genus Olenellus, or the 
fauna usually accompanying it first appears ; beneath that horizon, 
the strata are referred to some of the pre- Cambrian groups of 
rocks." (p. 549.) This reference is made irrespective of whether 
the latter lie conformably beneath or separated by a marked strati- 
graphic break. In the former case, however, Mr. Walcott con- 
siders that possibly the range of the Olenellus fauna, and therefore 
the Lower Cambrian zone may be extended downward into what 
are now regarded by him as Algonkian rocks. Descriptions and 
illustrations of sections in Nevada, Utah, British Columbia, the 
Grand Canon of Arizona, eastern New York, Vermont and New- 
foundland are given in this connection. 

An important and interesting section of the paper is that which 
deals with the features of the North American continent during 
Lower Cambrain time. It is considered that the continent was 
then outlined in a rough way, and had a somewhat similar form to 
that at present. The fauna lived on both the east and west sides 
of the continent. '* Strictly speaking, " he sa3^s, **the fauna did 
not live upon the outer shore facing the ocean, but on the shores 
of interior seas, straits or lagoons that occupied the intervals be- 
tween the several ridges that rose from the continental platform 
east and west of the main continental land surface of the time. " 
The idea here expressed will, if accepted, make it necessary' to add 
a new map to the series illustrating the growth of North America ; 
and it will have to be represented as of much greater extent than 
the Silurian which came later. The view advanced is considered 
sustained by the following evidence : (1.) The strata containing 
the Olenellus fauna are known only in the eastern and western por- 
portions of the continent ; (2.) as far as known the Lower Cam- 
brian strata are absent in the interior of the continent ; (3. ) the 
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Upper Cambrian strata are uneonformably superjacent to the Al- 
gonkian and Archean rocks, over areas where the Middle and 
Lower Cambrian formations are absent ; (4. ) the strata of the 
Middle and Lower Cambrian are conformably beneath the Upper 
Cambrian on the eastern and western sides of the present continent 
in all sections where the three divisions are present." (p. 557.) 

This portion of the paper is illustrated by one map showing the 
general distribution of Lower Cambrian strata, and by a second 
upon which are shown a number of sections from typical areas. 
These indicate the relations between the base of the Lower Cam- 
brian and the rocks beneath, as well as the relation between the 
top and the overlying series. While a theoretic section across the 
continent from east to west shows the troughs in which the Lower 
Cambrian rocks were deposited, and indicates the presence of a 
land area between the Adirondacks and the Rocky mountains. 
Other illustrations show the unconformity between the Potodam 
and the underlying Archean of the Mississippi valley. The gen- 
eral conclusion arrived at is that the interior of the continent, prior 
to Upper Cambrian time, stood at a relatively high level. This 
seems to be proven by the accumulation of more than 10,000 feet 
of sediment in Nevada and in the Wasatch mountains, by the 
great thickness of strata of Lower and Middle Cambrian age on 
both the east and west sides of the continent, and the absence of 
these rocks in the interior. Mr. Walcott further says : ' * That 
the Upper Cambrian sea was transcontinental is shown by the 
presence of the same species of Upper Cambrian fossils in similar 
stratigraphic relations to strata containing the Ordovician ( Lower 
Silurian) fauna in the valleys of the St. Lawrence and lake 
Champlain, and on the slopes of the Adirondacks in New York ; 
in the southern Appalachian region of Tennessee and Alabama ; in 
the upper Mississippi valle}' in Wisconsm and Minnesota ; in the 
sandstones and limestones of Texas and the Black Hills of Dakota, 
and in the limestones of Nevada and Montana." (pp. 561, 562. ) 
It is not argued that the fauna of these widely separated 
localities were contemporaneous, but that they have identical 
stratigraphical relations everywhere to the fauna above, and to 
that below when it is presnt. 

In the notice of European deposits a map is given, copied from 
one by Hicks, upon which is shown the distribution of the for- 
mation and several typical, vertical sections. 

A resume of the fauna shows the existence of 67 genera, 165 
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species and 12 varieties of fossils from this formation in Amerioa, 
In several localities in this country and in Europe no unconformity 
is found between the Lower and Middle Cambrian, and there is at 
present no way of accounting for the change from the Olenellot 
to the overlying Paradoxides fauna. 

A number of new forms are described in the last section of this 
paper, one of them, Trachyum vetusfum by Dawson and the others 
by Mr. Walcott. The figures illustrating the species are, in gen- 
eral, excellent Students interested in the problematic Cruziana 
will find a number of plates illustrating variouia forms it assumes. 
The belief is expressed that many of the so-called species were 
formed by one kind of animal, while even had specific differences 
existed in the animals themselves, those would not be manifest in 
the trails or burrows made by them. The trilobites are placed in 
sixteen genera, and number fifty-three species, forming less than 
one-third of the entire fauna. Under OleneUus nine species are 
recognized, these being referred to OleneUus proper, and the sub- 
genera Mesona^iis and Holmia, The species are illustrated on a 
series of twelve plates, which are most valuable for comparison. 
The genus Atops of Emmons is discarded and replaced by Con(h 
coryphe. upon tlie ground that it was so badly defined and figured 
as to be unrecognizable until the discovery of new specimens in 
the type locality over forty years after its original discovery. 

The paper will doubtless create discussion, and while some of 
the conclusions of the author may not be accepted by all paleon- 
tologists, something that can scarcely be expected, certainly all 
will be glad to have this full presentation. 



THE FAUNA WITH GONIATITES INTUMESCENS, 

BEYRICH, IN WESTERN NEW YORK. 

By J. M. Clarke, Albany. N. Y. 

Some years ago the writer had the opportunity* of discussing at 
considerable length the faunas of the Genesee shales and those 
beds of the " Portiige group " which were designated b\' professor 
Hall, in 1840, the " Cashaqua shale " and the " Gardeau or Lower 
Fucoidal group." The data accessible at the time of this work 
had been collated mainly from the southern area of Ontario and 
Livingston counties, incidentally from Yates county on the east 

*Biill. No. 10, U. 8. Geological Survey: The Higher Devonian Fauna 
of Ontario county, N. Y. 1885. 
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and Genesee county on the west ; they were the result of careful 
observations made over a period of several years and part of the 
outcome of the work was a considerable increase in our knowledge 
of faunas which had hitherto been regarded as exceedingly meager 
and uninviting to either the geolc^st or paleontologist. 

Since the publication of this paper the writer has taken every 
opportunity (always with the co-operation of his friend, Mr. D. D. 
Luther, of Naples,) to' add to his representation and knowledge of 
these faunas. It has been inconvenient to undertake any systematic 
investigations in the country adjoining either on the east or west, 
but such desultory tours as have been made over the outcrops of 
these formations in the neighboring counties, lead to the conviction 
that certain important f aunal characters are more positively de- 
veloped in the Ontario county section than elsewhere, and that for 
the study of these fossil faunas in their fullest development no 
area is as favorable as that which circumstances have made it con- 
venient to thoroughly' investigate. 

The large amount of new and highly . interesting material that 
has been obtained from these beds now makes the faunal lists of 
quite formidable size ; furthermore, the fossils, though of some- 
what rare occurrence, are not of such inferior preservation as one 
would infer from an inspection of the most extensive palaeozoic 
collections of the country, or from a few days' or weeks' collecting 
tours in the field ; they have, with patient work, proved moderately 
abundant and often of exquisite preservation ; indeed, we now 
possess series of many of the species, which afford the develop- 
mental stages from early age to maturity. It is the hope and 
purpose of the writer to eventually elaborate these interesting 
faunas and the growth-phases of their component species ; the ob- 
ject, of the present paper, however, is to indicate their quantiva- 
lence and time-values. 

Along the meridional section indicated, in a general sense that 
of Canandaigua lake, the Genesee shales lie directly on the upper 
shales of the Hamilton group, the TuUy limestone having thinned 
out and disappeared a few miles to the east. These shales have 
here essentially the same lithological characters and variation as 
on the High Banks of the Genesee river, their separation from the 
underlying argillaceous Hamilton shales being rather more abrupt 
than is usual between formations of shaly rocks following each 
other conformably. Toward their base they are somewhat arena- 
ceous, but rapidly become ver}' bituminous and heavy-bedded, these 
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latter layers bearing quite sparingly traces of conodonts, fishes and 
plants, with Lexorhynchus quadricostatus and Orhiculoidea lodenns. 
Toward the top they again become argillaceous. 

The fauna of the upper and lower shales is very meager at the 
best, and consists essentially of these species : 
Goniatites unUmgularia Ck)nrad, Coleolus aciculum Hall, 

Pleurotomana nugulata Hall, LuniUtcardium fragile Hall, 

LeiorhynchtLS (pmdricostatus WAnnxenit Orbiculoidea lodensis Vanuxem. 

This is a well known combination characterizing the black shales 
throughout their extent in this state, eastward and westward of 
this meridian. 

Shortly after the retreat of the Hamilton fauna and the first ap- 
pearance of bituminous sediments with this association of oi^anic 
remains, there appeared an interesting incursion of species which 
invites special attention. This faunule has been studied only at a 
single outcrop in Bell's gully, on the east shore of Canandaigua 
lake, in a thin band of black shale but few feet from the base of 
the series and distinguishable from that immediately above and 
below onl}' in being slightly less sandy. It would be natural to 
expect, among the earlier portions of these sediments, some indi- 
cations of a more or less restricted return of the characteristic as- 
sociation of the Hamiltop ; such indications, indeed, it is quite 
likely will be found, but this little assemblage is not of such a 
nature. The following species have been identified : 

Conodonts in considerable variety. 

EntomU sp. 

Fragments of an undetermined phyllocarid crustacean. 

Ortfioceras sp. 

HyolUfws sp., unlike species of the Hamilton or succeeding faunas. 

Tentaculites sp. 

*StyUolin(i fissurella Hall ; not especially abundant. 

*Pleurotomaria capillar in Hall. 

*P. ityfi Hall, var. tenuispira Hall. 

♦P. rugulatu Hall. 

NiiculitcH, sp. nov.; abundant. 

Lunullcardium, sp. now; a spinose species occuring both in the Sty- 
liola layer and the Naples beds. 

Cardlola Doris Hall, 

C. {Bnchlold) rctrostrlata von Buch, 

PhthonUi like P. nodf)Costata Hall, but persistently smaller in size. 

*Choti€t€s Icpida Hall, 

ChoneUSf cnf. aurora Hall, 

Twigs of PHlophytoii or RhachioptcrlH. 

The usual species of the black shales are thus seen to be almost 
wholly absent from this assemblage. Such of the species (those 
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marked with an asterisk) as have appeared in the faunas of the 
Hamilton series, continue their existence to a still later period and 
they, together with Lunulicardium sp. nov. , Cardiola Doris ^ and 
C, retrostriata, constitute an association which is emphasized in 
the more abundantly developed faunas of the Styliola layer and 
the Naples beds. 

Exceedingly interesting is the occurrence of a form of Chonetes 
which it is difficult to separate from Chonete* aurora Hall, a form 
known in New York only in the fauna of the Tully limestone, to 
which reference will subsequently be made. 

Above the most densely bituminous layers of the Grenesee shales 
and near the middle of the series, occurs the stratum which has 
already been termed the Styliola layer\* a bituminous limestone 
but a few inches in thickness, often compact, sometimes of a sub- 
crystalline and loose texture, at others inclined to be shaly or 
actually passing into thin chocolate-colored shales, nevertheless 
persistent over an east and west strike of at least 20 miles. It is 
essentially an accumulation of millions upon millions of the mlnUte 
pteropod shell known as Styliola or Styliolina fisBurella Hall.* 
Only in a few places does this fossil appear to have given way to 
an inorganic argillaceous calcareous matrix.^ The fauna of this 
layer is an assemblage of species, some of which occur in the 
Grenesee shales above and below, but many of them appear here for 
the first time. The following list, though incomplete on account 
of including several important undescribed species, is still suffi- 
ciently full to serve our present purpose : 

Dinicthys tiewherryi Clarke. 

PaUeoniscus deuonicit« Clarke, (also in the Naple^beds). 
Undetermined plates and scales of fishes. 

Conodonts, (not common, but similar in form to those below, and in 
the Naples beds above). 

♦See Bull. U. S. Geological Survey, No. 16 and Neues Jahrbuch fUr 
Mineral. 1891. Bnd. 1. 

*For a figure of a thin section of this pt^ropodal limestone, see Nich- 
olson and Lydekker's Manual of Palaeontology, vol. 1, page 24, fig. 8. 
1889. This illustration does not show the interesting effects produced 
by the crystallization and cleavage of the calcite, which arc referred to 
in Bulletin No. 16. 

^The position of this layer is just above the heavy bituminous beds 
and not far from tiie middle of the series. In the Bell's gully section 
the lower arenaceous shales are thin and contain stragglers from the 
Hamilton molluscan and crustacean fauna with a great abundance of 
Leiorhynchus quadricostatus. They are about 15 feet in thickness, the 
overlying heavy bituminousbeds having a thicknessof 112 feet. Above the 
Styliola Uiyer there are 85 feet of the more sandy black shales overlaid 
by the green shales and thin sandstones of the Naples beds. 
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Qoniatites intumescens Beyrich, ('^OonUUites patersoni Hall; I have 
collected and studied scores of specimens of this species from the Intu- 
mescens-kalk of Westphalia and the Hartz and can find no single detail 
or general feature on which to base a separation of this from the typi- 
cal Oei-man form. Also in the Naples beds). 

OoniatUes uniangularia Conrad, (abundant; also in the Naples beds). 

Ooniatites nocUfer Clarke, (in the Naples beds?). 

Ooniatites sp. nov. (a), (a deeply umbilicated primordial species with 
intumescens sutures and very strong concentric growth-varices on the 
younger whorls. Also in the Naples beds). 

QnniaHtes sp. nov. (b), (a small primordial species with flattened dor- 
sum; compare O. fwcipifer Beyrich. (Also in the Naples beds). 

Ooniatites sp. nov. (c), (allied to O. intumescens but closely umbili- 
cated and with more inflated whorls. Not common). 

ChniatUes sp. (d), (similar to O, uniangularis but sharply carinatc on 
the dorsum). • 

Orthoceras pacator Hall. (To this species is referred the commonly 
occurring Orthoceras of the rocks, a smooth, terete form with constric- 
tion on the chamber of habitation. Also in the Naples beds). 

OrVwcera^ aciculoides Clarke, (also in the Naples beds). 

Orthoccrasf fllosum Clarke. (The surface markings of this species 
are similar to those of the genus PTiaretrella (P. tcnebrosa Hall); it may 
prove to belong here. Also in the Naples beds). 

Orthoceras sp. nov. (a). 

Orthoceras sp. (b). 

Ortfioceras sp. (c) 

Qomplioceras sp. nov. (a). 

Gomplioceras sp. nov.? (b). 

BactJ^ttes sp. nov. (also in the Naples beds). 

Coleolus a^iculum Hall; (also in the Naples beds), 

Teiitaculitcs gracilistrUitus Hall, (also in the Naples beds). 

Styliolina flssurella Hall, (exceedingly abundant in the Naples beds). 

Bellerophon strlatus (Fer. and d'Orb.) Bronn. 

Bellerophon Incisus Clarke, (also in the Naples beds). 

Belleroplwn sp. nov. (a). 

Bellerophon sp. (b). 

Lojoneiiui noc Clarke, (also in the Naples beds). 

Pleurotomarla cnf. itys Hall. 

Pleurotortmria itys, var. teiiuispira Hall, (also in the Naples beds). 

Platystoma mlnutisshmim Clarke. (This little shell is so exceedingly 
abundant both in the Styliola layer and in the concretionary layers of 
the Naples beds that there may be good reasons for regarding it of 
pteropodal tiatnrc, like Llmaclna and Spirlalts, but dextrally coiled). 

Platystoma sp. nov. 

Macrocheilus sp. nov., (also In the Naples beds). 

A new gastropodous genus, suggestive of Autodetus Linnarsson, but 
a true phorid. 

Lunulicardlum fragile Hall, (also in the Naples beds). 

Lunulicardiiim omatum Hall, (also in the Naples beds). 
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Lunulicardiwm sp. nov. (a), (with spines on the lanule; also in the 
Naples beds). 

Lunulicardium sp. nov. (b). 

Nucula sp.? cnf. diffldens Hall, (also in the Naples beds). 

Lndnaf f cnf. suborbicularis Hall, (also in the Naples beds). 

Lucinat f sp. nov., (also in the Naples beds). 

Cardiola {Buchiola) retrostriatu von Buch, (not ancommon; very 
•abundant in the Naples beds). 

Cardiola doris Hall, (also in the Naples beds). 

Strophalosia, a small species like 5. truncata Hall). 

Chonetea lepida Hall. 

Leiorhynchus «p. ? 

Lingula spatulata Vanuxem (also in the Naples beds). 

Orbiculoidea, (a very small species). 

Cladochoniisf sp. 

Melocrinus clarkii Williams, (also in the Naples beds). 

Cladoxylon mir(ibile Unger. 

DadoxyU/fi clarkii Dawson, (also in the Naples beds). 

Dadoxylon newberryl Dawson. 

CyclOfttigma affine, Dawson. 

Lepidodendron pnmcBvum Rogers (Dawson*s identification. Also in 
the Naples beds). 

Lepidodendron ga^piannm Dawson. 

This association of organisms was broken up with the closing 
of the comparatively brief period of time represented by the Styliola 
layer^ and only occasionally do representatives of the fauna ap- 
pear scattered through the overlying mass of dark shales. A 
few forms, e. g. Cardiola retrostriata^ Loxonema noe^ Pleuroto- 
maria itys^ var. tenuispira^ return in the upper levels of the 
series, in association with characteristic Genesee species, Lunuli- 
cardium fragile^ etc. 

Thereupon follow the compact greenish sandy shales with thin 
laminated sandstones, which characterize the Cashaqua shales, or 
base of the «* Portage" series. 

The lower beds of these greenish shales and flags alternate with 
two or more considerable beds of black shale, which are, at times, 
exceedingly bituminous and very heavy-bedded, but usuall}' some- 
what arenaceous, in other words, are very like the Genesee beds 
beneath. The characteristic fossils of the Genesee beds do not, 
however, reappear at these horizons as far as known; indeed, the 
only invertebrate fossil that has been found here is an interesting 
goniatite allied to G, chemungensis Hall, and described by the 
writer as a variety of that species ; a form with a multilobate 
septal suture like G. clavilobus Sandberger, a lower Upper Devon- 
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ian ( Intumescens-kalk ) species oeeuning at Brilon, Westphalia. * 
Fish remains are sparingly found, {Palceonisctis devontcus, Acan^ 
thodesf priscuSf and several undetermined species) with occasional 
fragments bf Lepidodendron and other plants. The shales ly- 
ing between and above these bituminous bands became filled up- 
ward with increasing amounts of sandstone until gradually and 
finally the thin-bedded sandstones predominate over the shales. 

It was to this portion of the Portage series that the term * * Gar- 
deau or Lower Fucoidal group " was originally applied, and to the 
upper and overlying beds which are mostly heavier bedded sand* 
stones, the name ' * Portage or Upper Fucoidal group. " The fact 
is that the alteration in the lithological nature of the sediments 
has been a very gradual evolution and it is quite impossible to 
uphold a satisfactory division of the series on such a basis. The 
palaeontological evidence is different. With the introduction of 
the green shales of the Cashaqua or basal division of the series, 
we find certain species of the Styliola fauna reappearing. These 
become more abundant or are at least better retained in the beds 
of shales lying between the first and second bituminous bands or 
wherever there is sufficient calcareous matter in the strata to form 
subconcretionary lenticles. 

It is here that the fauna attains its highest and most character^ 
istic development, but so far forth as the shales prevail, even 
after the very material encroachment of the more arenaceous sedi- 
ments, the same fauna accompanies it. We refer to the fauna in 
its toute ensemble^ the variations in the faunules of a given stratum 
from that of the next above or below being of limited significance 
either geologically or palteontologically. In the lower beds the 
species of the shales are occasionally found in inferior preserva- 
tion, in the thin layers of sandstone, but as the sandstones become 
heavy-bedded and more continuous, this is a rare occurrence. 
Reference has been made in Bulletin No. 16, (p 68) to the appear* 
ance in the midst of the ** Portage" sandstones, that is, in the 
upper member of the series lying between the Genesee shales and 
the Chemung sandstones, and about 600 feet below the earliest 
known occurrence in this section of a fauna with Spirifer dis^* 
Jimchis and Orthis impressa, of an assemblage of brachiopods, 
Leiorhynchus mesacostalis^ Amhoccelia umbonata^ Atrypa aspera^ 
Rhynchonella eximia^ etc., which are a new association and one 

*Kayser. Zeltschr. der deutsch. geolog. Gesellsch. vol. xxlv, p. 667, 
1872. 
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reappearing constantl}' together with Spirifer disjunctus in the 
normal Chemung faana. Directly beneath this level is the last 
known appearance of the fauna of the shales below. 

It has become evident that the original terms applied to sub- 
divisions of the Portage series have a very restricted lithological 
value and must lead to deception in regard to the f aunal contents 
of the strata. It was for such a reason tuat the writer has made 
use of the term Naples beds for the former and Naples fauna for 
the latter ; the use of the term Cashaqua would express but a 
part of the truth, and the combination in one appellation of both 
Cashaqua and Gardeau^ would gain in ugliness what it lacks in 
precision. 

Attention is again briefly directed to a peculiar concretionary 
limestone stratum occurring in the Naples beds about half-way 
between the top of the first and the base of the second band of 
black shale. This is a thin, quite persistent layer, bearing a con- 
siderable intermixture of silica and p^'rite, in color passing from 
a gray into various shades of green and red. It is a fine example 
of the **Knollen" and ** Kramenzelkalke '* of the Germans, so 
characteristic of the lower Upper Devonian horizons in Westpha- 
lia and also described by F. Roemer, Lee, Champernowne and 
most recently by Ussher. This stratum is full of goniatites, 
principally G, intumescens, associated with G. uniangularis, Or- 
thoceras pacator, Bactrites sp. , Loxonenui noe, and with immense 
numbers of Platystoma minutissimum. A similar formation is 
not known to occur elsewhere in the Devonian of America, and 
its significance will appear in the comparison of the species of the 
Naples fauna with their representatives in other countries. 

The accompanying list of the species of this fauna is neces- 
sarily incomplete. Many interesting forms are undescribed and 
their affinities can only be indicated. 

THE FOSSILS OF THE NAPLES BEDS. 

(Intumescens Fauna) 

PaUBoniscus devonicus Clarko, (bituminous bands) 

-4canl?iode« prt«cM« Clarke. ** ** 

Conodonts in considerable variety *' ** 

Echiiwcaris whitfleUU Clarke. ** ** 

Echlnocarisf heecherl Clarke. 

Spathiocaris emersonl Clarke. 

OoniatUes intinnescens Beyrich, (— -G. patersont Hall). These shells 
agree with the typical form of Beyrich's species, that with a rounded 
dorsum, and are much more closely adherent to this type than many 
shells which are referred to this species in the German Devonian. The 
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American species does not become carinate nor evince an appreciable 
degree of variation in a large number of specimens. It is the predom« 
inant goniatlte of the fauna. 

Oo7UatUe8 »lniw8U8 Hall. Specimens of O. UUumescens which have been 
exposed to weathering since fossiliation or to maceration before it, often 
exhibit peculiar modifications of the septa. The specimens found in the 
thin sandy layers or flags are usually thus modified and in some of their 
conditions are similar both4n exterior and septum to those which have been 
described as G. sinuosus and G. nu^uhiius, I am at present inclined to 
believe that O. Hnuoaus is only a condition of G. intumeacens resulting 
from modification by mechanical and post-vital influences. The speciea 
known in the Intumescens-kalk of the Iberg-Winterberg, Hartz, and 
Adorf in Waldeck, as G. carlnatus Beyrich, is, in every respect simi- 
lar to G. intumcscens save in the fact that the lower lateral lobe is 
rounded instead of acute. This, however, is a feature which character* 
izes an undeveloped condition of G. intumcscena, as shown by Holzapfel 
and myself, and it is questionable if the forms can be properly separated 
on such a basis. 

Goniatites uniafigliuirls Conrad. One of the Simplices, very closely 
allied to G. retrorstia simplex, 

GontatUes bicostatus Hall. Another member of the same group. 

GoniatUes lutheri Clarke. One of the Primordialcs with sharp lateral 
saddle. I know no species with which this may be directly compared. 

GoniiitUeit complanatns Hall. This species was originally described 
as ClymenUif compianata in the Report on the Greology of the Fourth 
District of New York ; the figure accompanying the first description 
Kave only the exterior of a flattened specimen having the same expres- 
sion and degree of umbilication as G. lutherL The subsequent illustra- 
tions and description of specimens referred to this species in volume v of 
the PalaDontology of New York, show a septum like that of the Simpli- 
ces and totally different from that of G. ItUfierL I have been unable to 
discover the original specimen of G. complaiuitxis either in the New York 
State Museum or the American Museum in New York city, and without 
it, it will be Impossible to determine the value of the species. The 
designation compkinatus may under the circumstances properly be 
applied to such goniatites as show the suture referred to, and must be 
limited to such. However, no gonlatite of this character is known to 
me in this fauna. 

GonUitiUtu cliernufigcnsis Hall, var, Clarke. The single specimen is 
from the lower black shales and shows no suture ; should it prove to be 
allied to G. cliemuiifjeivtls it may be regarded as a respresentative of the 
Irregularcs. 

GonUititOi sp. nov. A very large representative of the Nautili ni, 
closely allied to G. Roemcri Holzapfel (Adorf). See Gon. (b), Styliola 
layer. 

Goniaiit<is sp. With a broad, grooved and rounded dorsum ; in exter- 
nal characters it may be compared to G. evexus von Buch ; internal 
characters not known. 

GoniatUes sp. (G. sp. nov. (a) Styliola layer). A primordial speciea 
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with strong concentric flutings on the early whorls, which become less 
conspicious with age and at maturity form sharp, close, concentric lines. 

GonUitUes sp. A species with a broadly flaring chamber of habitation 
and suture similar to that of G. miienaterU 

OoniatUes sp. A primordial gonlatite like G. intumescens, but small, 
less umbilicate, with closely crowded septa and sharply angled lobes 
and saddles. 

Goninlfles sp. A deeply umbilicated species, with broad grooved, dor- 
sum and costate whorls ; cf. G. tiibercuUitiis Holzapfel. 

Besides these species of goniatites there is some more or less imper- 
fect material which indicates the existence of a few additional forms. 

Orthoceros pacator Hall. 

OrthoceroA adculoides Clarke. 

Orthoceros onUirU) Clarke. 

Orthoceraa flloanm Clarke. 

Orthocerus sp. nov. 

Bactrites sp. nov. 

BnctTitea sp. 

HyolUhes nenpolis Clarke. 

Coleolns nciculum Hall. 

Tentnculitea graciliatriatua Hail. 

Styllolina flssiirellu Hall. 

Macrocfieiiiia sp. nov. 

Platyswina ininutissimum Clarke. 

Pleurotonuiria Uys^ var. tenulspira Hall. 

Palceotrochus prcBcursor Clarke. 

Loxonema noe Clarke. 

Bellerophon mttaor Hall. 

Bellerophon hwiftus Clarke. 

Bellerophon sp. nov. 

Leptodesma cf. Lichas Hall. 

LeU/ptcria IcBvis Hall. 

Qnimmymi sp. nov., of the general expression of G. sulmrcxiaUi Hall. 

Macroclon sp. 

NucuUi^ cf. diffidens Hall. 

Palasonello muUi Hall. 

UngullTui sxtborbUmlnrU Hall. This abundant shell is very variable. 
In a large number of finely preserved individuals, it appears that the 
nearly bilateral form with quite sharp concentric lines represented in 
the typical example, is of rare occurrence. Such forms sometimes show 
fine radiating lines and are connected by a normal series with shells in 
which the body of the valve is oblique and the surface frequently rugose 
from concentric growth-lines. The genus of this fossil is evidently not 
UnguUna, probably neither Cardiomorpha nor Edmoiidia. The shells 
described by H. S. Williams (Bull. No. 10, U. S. Geol. Surv.) as LhcIim 
wyomhigeyisis and L, mirysburgUi, from this horizon in Genesee county, 
I am unable to identify from the figures and descriptions. There are 
before me 30 excellent preserved individuals of a species evidently con- 
generic with these (but by no means Ltusina). They are probably ident- 
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ical with ono or both of Mr. Williams' spocies. 
LunulicardiumonxaUunHdW, (L, pinnatum Hall.) 
LunuUcardlum fragile Hall, 
LunuUcardlum Iceve Williams. 
Lunulicardtum sp. nov. (a) 
L\niulic(irdium sp. nov. (b) 
Lunulic(irdium sp. nov. (c) 
Cardlola {Bnchiola) retntstrUiUi Von Buch. 
Cardioln Doris Hall. 
CardioUi sp. nov. 
PhoUtdelUi sp. 
LinguUi triquctra Clarke. 
Lingukt Ugea Hall. 
LinguUi aptttuUttit Vanuxem. 
Orthothete« arctoxtriaUi Hall. 
Chonetes scitula Hall. 
Strophalosin sp. 
Aulopora aniiecteris Clarke. 
MeUjcrinus cUtrkii Williams. 

From the lists given it is evident that the fauna of the Naples 
beds is the reapparition under more favorable conditions, of the 
assemblage appearing first in the St3'Iiola la3'er of the Genes^ 
shales. The important characteristics of the fauna as a whole, are 

1) the prevalence and variety of goniatites; 

2) the great numerical development of Cardiola retrostriata; 

3) the abundance and variety of species of the genus Lunnlir 
cardium. 

4) the frequent occurrence of certain species of coniferous 
woods. 

It is hardly necessary in this place to enter into an elaborate 
comparison of the Naples fauna with the various developments of 
the Intumescens or Goniatiten-kalk fauna in the old world, in 
Devonshire, Brittany, Belgium, Westphalia, the Hartz, the Sty- 
rian and Carinthian Alps, the Urals, etc. With all these occur- 
rences there will be found many features in common, and it may 
be assumed that the student of palaeozoic faunas is more or less 
familiar with the published discussions of these faunas. 

In the Naples fauna there is a noteworthy feature in the total 
absence of trilobitic remains which are usuall}' present, though 
not abundant in its transatlantic manifestations; and in the pres- 
ence of phyllocarid crustaceans, which are not elsewhere kuDwn 
at this horizon. On the other hand not only the predominant 
elements of the fauna but the generic association throughout, and 
the expression of the component species, is in precise harmony 
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with the compofiition of this lower Upper Devonian fauna else- 
where. At Martenberg, near Adorf , Westphalia, the Intumescens 
fauna has a peculiar expression from the great abundance of 
species of LunuUcardium. This feature is one rarely developed 
and in this respect the Martenberg and the Naples fauna are most 
closely similar, while a general agreement prevails in the other 
elements of the associations. The Martenberg fauna has been 
most carefully elaborated by Dr. E. Holzapfel* and while the 
number of species is greater than in the New York fauna, the 
points of direct comparison may be indicated as follows : 
Goniatites Simpllces. 

a. re^rsus von Buch. cf. } g; ^Sl^^'*'- 

Goniatites Irregulares. 

G. miUtUobatus Sandberger. cf. G. chemungetisls, var. 
Goniatites Primordlales. 

O, intumescens Beyrich. G. Intuinescens. 

?G. carlruUus Beyrich. cf. ?G, slmwsus, 

G. tuherculatus Holzapfel. cf. G. sp. nov. 

G. forciplfer Sandberger. cf . G, sp. nov. 

Orthoceras mibflexuosum MQnster. cf. O. sp. nov. 

O. vWatum Sandberger. cf. O. fUosum. 

O. ocuaHum cf. O. pdcator, 

HolopelUi arcuaUi Kolzapfel. cf. Loxmvema noe. 

Marcrocheilus dunkerl Holzapfel. cf . Macrochelliis sp. nov. 

PleMrotomaria/olcy'craSandberger ) 

P. globosa Holzapfel > cf. P. Uys var. ten uistriata. 

P. tenuUineala Holzapfel. ) 

NaUca adorfensis Holzapfel. cf. PUitystoma sp. nov. 

Cardiola retrostrUtta von Buch. C. retrostriata. 

C. subradiata Holzapfel. Inf n ^j^t^i» 

C. irifiata Holzapfel. J ^^' ^' ^^' 

MytUarca heyiijchi Holzapfel. cf. certain variations of Xticirui?? 

svborbieularis. 

mitlteri Holzapfel. ). , «« «rv., 
Holzapfel. [ cf . X. sp. nov. 

L. hickenense Holzapfel. Int t iy»»u» 

L. injtatum Holzapfel. J ^^' ^' "^^• 

A comparsion like this can only serve to indicate, and that im- 
perfectly, similarities, which in some cases may prove specific 
identities, while interesting and important points of agreement in 
other species may not even be suggested. 

The species Cardiola retrostriata von Buch* ( Buchtola, Bar- 
rande, Glpytocardia, Hall ) makes its appearance in New York as 
in Europe in the earlier Devonian. It is found as low, though 
very rarely, as the black shales of the Marcell us division. The late 

*Pal£eontographica, Neue Folge, vol. vlil, 6, xxviil. 
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professor Von Seebach cited Cardtumpalmatum Goldfs, ('^Cretro- 
striafa Von Buch ) from the Wissenbacher ( Goslarer ) sehiefer of 
the Hartz, and F. Maurer, in **Die Thonschiefer des Ruppbach- 
thales bei Diez "* describes a form very similar to C. retrostriata 
from the Wissenbacher-schiefer of the Rhine.* Barrande has 
also cited it from a still earlier horizon, his etage E, as he does 
also from the higher etage H, which may be nearer the plane of 
its normal maximum development in other faunas. Barrois has 
shown that the shales described by Casiano de Pradot as the 
'^Schistes k Cardiola retrostriata de la Collada de Llama," in the 
Province of L6on, Spain, are of equivalent age to the Wissen- 
bacher-schiefer of the Rhine. I 

This identification is of much interest on account of the close simi- 
larity of the fauna of these black shales and the normal fauna of the 
Marcellus black shales. The black Cardiola retrostriata shales are de- 
scribed as ** fins, amp^Iiteuxet argilo-ferruglneux." They have furnished 
but few species : 

Ptiacops latifrmis Bronn, cf. Ph.rana (Marcellus shales) 

GoniatUes cf. occultus Barrande, cf. t f O. disrotdeus ** 
Orthoceras regulare Schlotheira, cf. O. subulatum ** 

Bactrltea schlotheimi Quenstedt, cf. B. clavus ** 

Pleurowmaria sul>carinata F. A. { ^ p j^^_ 

Roemer ) ^ 

PoftUioiiomya pargai de Verneuil, ct.Pterinea Itevis Go\dts. var.amert- 

ca/wi d'Orbigny (Marcellus shales) 
Cardiola retroHtriata von Buch, idem. 

Retzianovempllcata, cf. t Lelorhyiichus Umitaris (Mar- 

cellus shales). 

Its horizon of maximum and characteristic development, how- 
ever^ wherever the specialization of the component elements of 
the upper Devonian faunas is more pronounced is below the normal 
horizon of Spirifer disjunctus and above that of Rhynchonella 
cuboides. It is a usual member of the Intumescens fauna, but it 
is present at this horizon when the goniatite facies is wanting. 
In the north of France and on the Belgian frontier the ** Schistes 
a Cardium palmatum " are assigned the following position by 
Gosselet. ? 

Schistes de Famenne, with Spirifer disjunctusj Rhynchonella 
pugnvLS , ProductxM suhacuJeatns; also Rh. cuboides. 

Schistes k Cardium palmatum, with Goniatites retrorsus. 

Schistes a nodules argilo-calcaires, with Rh, cuboides, Atrypa 
retic ularis, Sp irifer e u ryg loss us. 

' »Neiies Jahrbuch far'Minri876,'p. 35. 

fNote g6ologique sur les Terrains de Sabero et do ses environs dans 
ies montagnes de L6on (Espagne); Bull. Soc. g^ol. France, 2d ser. tom 
vii, p. 137, 1850. 

JNote sur le Terrain d6vonien de la Province de L6on (Espagne); 
Assoc. Franc, pour TAvancement des Sciences, 1877. 

lAnnalos des Mines, ser. 6, tom xil, p. 595, 1867. 
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In 1878 the same author gave the same order of succession, 
showing that the Schistes k Cardium palmatum occupy a distinct 
horizon between the Frasnien, or Cuboides limestone, and the 
Fam6nnien or the normal horizon of Spirifer disjunctus,* Ip 
other words, in this section, they occup}^ the position of thp 
Goniatite or Intumescens fauna, and in absence of the latter 
in its fuller development, represent it. 

In the Domanik-schiefer of the Petschora Land,t the Iberger- 
kalk of theHartz,t the shales of Torbay,|| and of Lower Duns- 
combe, { in Devonshire, it is coexistent with the goniatite f acies 
of the Intumescens fauna. 

On the continent of Europe the faunas of the lower Upper 
Devonian are variable in facies. In the classical Eifel sec- 
tion immediately above the niveau of the Stringocephalus lime- 
stone or the middle Devonian, the brachiopod facies prevails ( the 
Cuboides-schichten ), followed above by the typical Goniatiten- 
schichten, abundant in Goniatites Simplices. In the region about 
Aachen the brachiopod or Cuboides facies is again strongly devel- 
oped and the predominance of the brachiopod element is continued 
through the overlying beds, the Verneuili-schiefer and Vemeuill- 
sandstein of Kayser. Here the cephalopod facies is again virtually 
wanting or insignificantly developed. In Westphalia, at Bredelar 
in the vicinity of Brilon, and at Adorf, the goniatite beds of the 
middle Devonian are directly overlaid by the goniatite limestone of 
the Intumescens zone. According to Kayser, the upper Devonian of 
this region is divisible into the lower zone ( <' Intumescens " ) and 
an upper, which he has termed the '^Munsteri zone;" and the 
latter is again divisible into the ** Cypridinenschiefer " below and 
the '* Clymenien-schichten " above. 

In the Iberg-Winterberg terrain of the Hartz w| have a remark- 
able faunal association ; an un laminated massif contains not only 
the index fossils of the C uboides and Intumescens zones, but an 
actually predominating number of middle Devonian species ; in 
other words, it appears to be an encroachment upon a middle 
Devonian fauna, of faunas of later date, the facies of ^vhich, 
usually differently developed elsewhere, are here still undif- 
ferentiated. 

♦BIgby's Thesaurus Devonlco-Carboniferus, p. 122. 
fKeyserllng, Eine Relse in das Petschora-land, p. 254, 1846. 
iciarke, Fauna des Iberger-kalks ; Neues Jahrb. 1884, Bell. Bnd. Ill, 
p. 380. 
I Lee, Geological Magazine, new ser, vol. Iv, p. 100, 1877. 
jUssher Quart. Journ. Geol. Soc. vol. xlvi, p. 506, 1890. 
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In the Ural mountains the phenomena are similar in many- 
respects to those of the Iberger-kalk. Tsehemyschew says :*^ 
' * The strata D^, characterized by the prevalence of limestone, 
with some bituminous layers and sandstone, abound in places ia 
brachiopods which distinguish the Cuboides beds of the Eifel and 
Belgium ; in some localities, however, there are goniatites in great 
numbers belonging to the group of the Primordiales and other 
forms somewhat common in the goniatite strata of western Eu- 
rope. In many cases this formation includes a great number of 
forms characteristic of the Iberger-kalk, where, according to Kay- 
ser and Clarke both the brachiopod and goniatite facies are rep- 
resented. " 

Without citing further phases of the lower Upper-Devoniaft 
fauna, enough has been given to show that the terms Cuboidea 
zone, Goniatite zone and Intumescens zone are, in a broad sense^ 
essentially equal time values and only expressions of varying 
phases or facies of equivalent faunas. 

The Intumescens zone in its best development, perhaps in West- 
phalia, is a horizon of limestones, it is therefore a noteworthy 
fact that there should exist so great a similarity in compositioa 
between the limestone fauna of Martenberg ( Adorf ) and that of 
the shaly and sandy sediments of western New York. 

The Tully limestone of New York has been long regarded^ 
especially by European writers, as the equivalent of the Cuboidea 
fauna of the lower Upper Devonian. It is usual to find through- 
out European literature, in discussions upon the comparative value- 
of these faunas and in comparative lists of species, this Tully 
limestone referred to the base of the Upper Devonian. The- 
writer has himself thus referred to it on several occasions, f Thia 
is not the posit^n in the geological scale to which it has beea 
assigned by professors Hall, Dana and the American ge(^(^ists 
generally. This limestone is the American horizon of Rhyn- 
choneUa cuboides (as identified by Conrad in 1842, R. ventutula 
Hall, 1867 ), but this species is the sole distinctive representative^ 
of the Cuboides fauna in a fauna otherwise essentially of middle 
Devonian age. The case is not parallel to that of the Iberg 
limestone fauna ; in the latter the middle Devonian element, 

*Die Fauna des mittleren und oberen Devon am West-abhange des. 
Urals, p. 10, 1887. 

fDie Fauna des Iberger-kalkes, p. 385. Forty-second Ann. Rept. 
N. Y. State Museum, p. 405, 1889. See also Palaeontology of New 
York, vol. vll, p. 13. 
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though preponderating in actual number of speDiesf is a far less 
percentage of the index fossils of the middle Devonian than the 
upper Devonian species there are of typical upper •'J)ey6nian 
faunas. Until quite recently no verj' detailed study of the IEu|Ix 
fauna had been made, but in a late paper it has been discussed Jat 
«ome length by Mr. H. S. Williams of Ithaca.* Mr. Williams 
has adduced considerable new data without however elucidating 
the character of the entire fauna as known to-day. Conceding 
the well-known fact that the great majority of the species are those 
of the preceding fauna of the Hamilton shales, the author says : 
<< The fauna of the Tully limestone is made up of two groups of 
•species, first those, having closely allied forms in the immediately 
preceding middle Devonian formations ; second, those having 
•closer affinity with European forms than with any species occur- 
ing in the lower formation of America. " * * In the Tully limestone 
the latter class are few." Of this smaller group the following 
fossils have suggested to this author points of comparison with 
•species of the Cuboides fauna : 

OrthU tulliensis Hall. 

This Schtzophoria is represented in the middle Devonian 
throughout Europe by the well known 0. striatula and some 
allies. It also occurs in the Cuboides fauna of the Eifel and fre- 
quently in the Intumescens zone. In America the type of struc- 
ture exemplified by this species dates as far back as the middle 
Upper Silurian and becomes more or less abundant throughout the 
Devonian, but this species itself, as Mr. Williams has very ac- 
curately said, has a stability of form which is not manifested by 
its successors 0, impressa, 0. iovoensis^ 0. macfarlanii ; a feature 
in which it agrees with the earlier Devonian, 0. propinqua, of the 
Oomiferous limestone. It would puzzle an expert student to 
point out difl^erences of even varietal value between the Cornifer- 
ous and Tully forms, and a palaeontologist better familiar with the 
European than with the American Devonian would certainly refer 
without hesitation both to 0. striatula. In the Hamilton fauna of 
J^ew York, 0. TulUensis is not known to occur, but in the cement 
beds about Milwaukee it appears in association with a strongly 
emphasized Hamilton fauna. This fauna has been described by 
Mr. R. P. Whitfieldt though the species in question has been 
referred by him to 0. hnpressa. 

*The Cuboides Zone and Its Fauna ; A discussion of methods of corre- 
lation. Bull. Geol. Soc. Araer. Vol. i, pp. 481-500, pis. 11-13, 1890. 
fOeology of Wisconsin, vol. Iv, p. 324 et aeti. 
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Wisconsinr re'one of the areas where the life of 0. propinqua- 
tuUienshwok "continued into association with a typical Hamilton 
fauiial\ There Rhynchonella cuhoides-venustula is absent, but the 
fea^pearance of 0. propinqua-txdliensis in the Tully limestone is 
. \ 'quife as likely due to its return eastward as to an immigration from 
•-'- • the east. We do not follow Mr. Williams in the statement that 
* * Its appearance in the following zone in New York, i. e. , the 
Ithaca formation and the High Point fauna in Ontario county, 
suggests that the fauna to which it belongs is more directly asso- 
ciated with what follows than with the New York Hamilton fauna " 
(p. 49^). The High Point species is not a Schizophoria of this 
rigid specific type but is susceptible to very considerable variation 
and is more nearly like the form described by Meek as 0. Mac- 
farlunii. Moreover neither the Ithaca formation nor the High 
Point fauna constitutes the zone next following the Tully lime- 
stone in New York. 

Strophodonta perplana Conrad (sp. ) var. tuUiensis Williams. 

The author makes an evidently good separation of a small form 
of this species with muci'onate cardinal extremities, but the cor- 
relative importance given to the variation is far overwrought. He 
says (p. 493): **The second species, S, perplana var. tullienns^ 
is a mutation {sic) of the race which begins in Strophomena alter- 
nata in the Trenton stage. " Undoubtedly Strophomena alternata 
is a representative of the stock from which the strophodontoid 
line emanated, but the '* race" did certainly not have its begin- 
ning in this Trenton species.* Attention is called to the fact that 
at the base of the Devonian the * * race , " referred to develops into 
two ''races" (p. 493), one a thin flat form, typified hy S. perplana 
Conrad, which is said to be "an American tyi>e and is seen with 
variations all through our Devonian, but it is not described in the 
European Devonian." Nevertheless the type is well known in the 
'European Devonian and is represented by Strophomena explanata 
Sowerby, as identified by Kayser who states that it is known to 
him from all horizons of the Rhenish lower Devonian and is no- 
where especially rare, t 

The other "race," which is really the normal line of stropho- 
dontoid development, maintains the convexo-concave contour. 
''This is the Orthis Interstrialis Phillips, of the European Devo- 
nian and Strophomentt Incvqttistruita Conrad, of the New York 

*Lcpt(rna incrassaUt and L. fascUtUi Hall, of the Chazy limestones are 
species congeneric with Strophomemi alternaUi, 
f Die Fauna des Hauptquartzits, p. 102, 1889. 
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Hamilton. The interstrtalis race is recognized in our Chemung 
StTophodonta cayuta and in the upper and middle Devonian of 
Europe and the east in Strophomena dutertrn and S. aselli,'' It is, 
however, a fact that S. incequistriata, S. cayuta and S. dutertrii 
represent a subordinate type of structure which has been desig- 
nated by (Ehlert with the term Douvillinn. Whether S. inter- 
strialis and *S'. a^tlU belong to the same group we have no definite 
evidence. It is further stated that in the European **race" (re- 
ferring to the convexo-concave strophodontoids, ) the terminations 
of the hinge develop into slender, mucronate points ; that in the 
American **race" (the flat group?) ** these mucronate points first 
appear in the TuUy limestone forms and are characteristic of the 
race afterward till it ceases. The representatives of this (mucro- 
nate) type of Strophomena are common in Europe throughout the 
Devonian, going under the specific names inter strialis, aselli and 
dutertrii, and the conspicuous development of the mucronate 
points did not appear till about the stage of the appearance of 
Rhynchonella cuhoides.'' This argument is not a forcible one ; it 
is weakened, in the first place, by being based on distinct subor- 
dinate types of generic structure, and further, we might cite 
Strophodonta junta Hall, of the Hamilton group as an example of 
a species which frecjuently shows mucronate cardinal extremities, 
and to go back to the inceptive forms of the strophodontoid type, 
S. leda Billings, has these extremities strikingly developeii, and 
this is a form which differs no more widely from S. demissa, the 
type of the genus Strophodonta than do the subordinate types of 
S. perplana and *S'. dutertrii. The species Strophomena armata 
and S. stephan i Barrande, from the etage F. , are strophodontoids 
withe xtended cardinal angles. 

It is upon these two forms, Orthis tulUensis and Strophodonta 
perplana, var. tulUensis, together with Rhynchonella cuhoides- 
venustula, that the correlation of the Tully with the Cuboides 
zone is based. One other direct comparison is instituted between 
the Tully and the Cuboides species. In reference to Bronteus 
tullius Hall, it is said that it 'Ms closelv allied to a form of the 
European Cuboides zone {B. fiahellifer Goldf)." But B. Tullius 
belongs to the subgenus Thysanopeltis (with spinous pygidial 
margin) and B. ftaUlU/er does not. 

It does not appear that there is much reason for regarding the 
correspondence of the Cuboides fauna and that of the Tully as 
greatly fortified by this evidence. The bond between the two is 
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undoubtedly what it has long been known to be, viz. : the coexis- 
tence of Rhynchonella cuhoides. The accuracy of regarding the 
Tully as the time-equivalent of the Cuboides fauna, even though 
it were by virtue of this fact alone is, of course, beyond contra- 
vention. 

Another significant feature in the correlation of the New York 
Intumescens fauna is the abundance of certain species of conifer- 
ous woods. These are of much more frequent occurrence in the 
first appearance of the fauna, than in its reappearance, one species, 
described by Sir William Dawson as Dadoxylon clarkii^ being very 
common and occasionally appearing in the Naples beds above. Sir 
William has also identified the species D. netoherryi Dawson, and 
Cladoxylon mirahile Unger, from n the Styliola layer. The last of 
these species was described from the Cypridinen-schief er ( Entomi- 
dcn-schiefer, T. R. Jones) of the Thuringian Forest (Saalfeld)* 
and identified by Dawson in 1882. t In a recent papert on these 
fossil woods Sir William sa3'S in regard to the species D, {Cor- 
daxoxylon) clarkii (p. 243); ** I may now add that the species is 
very near to Araucarites ungeri of Groeppert, from the Cypridinla 
shales of Thuringia. This species appears to be the same with 
that originally described by Unger as Aporoxylon primigenium. 
The original description and figures of Unger did not permit an 
exact comparison, but as now figured by Stenzel in his revision of 
Goeppert's species, it approaches so near to D. cZar^n^ as to suggest 
the suspicion that it maj' be the same or a very closely allied 
species. " 

In the same paper professor Penhallow discusses at some length 
finely preserved specimens of Kalymma grandis Unger (the 
original also from the Cyprindinen-schiefer at Saalfeld), from the 
Black Shale of Moreland, Kentuckj', a horizon which, though 
little studied, will probably prove equivalent to that of the Styli- 
ola layer, i 

These woods introduce an interesting element into the association 

of fossils of the Intumescens zone, seeming to indicate a more 

rapid migration of the terrestrial flora which characterized the 

~»Beltr. zur Palaontologle des ThOringer Waldos, Zweiter Thell, p. 93, 
pi. xll, figs. 6, 7. 1856. 

fFossll Plants of the Erian and Silurian of Canada, pt. 11, p. 126. 1882. 

^ Notes on Specimens of Fossil Wood from the Erian (Devonian) of New 
York and Kentucky, by Sir William Dawson and Prof. D. P. Penhallow; 
Canadian Record of Science, vol. iv, January, 1891. 

JDr. C. E. Beecher, who collected the specimens of Tralymmagrai^ia 
referred to, informs the writer that OonlatUes ititumescefis occurs in the 
same rocks. 
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middle Upper Devonian of Europe, than of its marine fauna. 
Nevertheless, it may be observed that the fauna contains an un- 
described species of Goniatites not far from G. viuensteri and an 
Entomis allied to E. {Cypridina) serratostriata^^ both of which 
characterize the upper zones of the Devonian in Westphalia. 

In conclusion it may be said that we have in the Upper Devonian 
of western New York, at the base, in the Tully limestone, a 
sparsely represented time-equivalent of the Cuboides zone (brach- 
iopod facies); this is followed by an abundant development of a 
normal Intumescens fauna, involved in shales which bear to a 
greater or less extent a fauna of a local or indigenous character. 
This Intumescens fauna or cephalopod facies of the lower Upper 
Devonian, includes certain elements at a maximum development 
( Cardiola retrostriata^ coniferous woods) which in the European 
succession, frequently occupy distinct horizons below and above 
the normal horizon of the Intumescens zone. 



ON A PECULIAR FORM OF METALLIC IRON FOUND 

IN HURONIAN QUARTZITE, ON THE NORTH 

SHORE OF ST. JOSEPH ISLAND, LAKE 

HURON, ONTARIO.* 

By G. Christian Hoffman, F. Inst. Cbem., Chemist and Mineralosrist to the 
Gtooloffical and Natural History Survey of Canada. 

In the course of examining some surface specimens of quartz- 
ite* from the north shore — fifth concession, back of Campement 
d'Ours — of St. Joseph Island, it was observed that certain faces, 
apparently fissure surfaces, of the same, were coated with a thin 
deposit of dark reddish-brown limonite through which was dissem- 
inated numerous metallic looking spherules, thereby imparting to 
it an oolitic structure. In the specimen which best showed its 
mode of occurrence, this deposit formed a layer, on one face, of 
from one to one and a-half millimetre in thickness, and this, judg- 
ing from the appearance of the exposed surface of the same, 
which showed indications of having been a contact surface, may 
perhaps be fairly assumed to represent the diameter of the origi- 
nal fissure. Running parallel to and in direct communication 
with the latter was a gouge-shaped groove measuring where it 

♦From the Transactions of the Royal Society of Canada, vol. viii, 1891. 

*A greyish, in parts greenish and brownish coloured quartzite. with 
here and there an inclusion of white vitreous quartz, and red and black- 
fsh or brownish black Jasper. 
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opened into the fissure, its widest part, five millimetres across, 
and having a varying depth of from five to six millimetres. 
This groove, retaining these dimensions, extended right across the 
face of the specimen, which face, in this direction, measured four 
centimetres. There was nothing to indicate what the probable 
length of this groove may have been, as it occurred in the rock, 
in situ, or whether it occupied a vertical, horizontal, or intermedi- 
ate position, although conjecture might perhaps, in this particu- 
lar instance, favour the former view. It was closely packed with 
material of precisely the same character as that contained in the 
fissure, the material of the one forming an uninterrupted connec- 
tion with and, as it were, extension of, that of the other, so that 
we may indifferently regard the material in the fissure as an over- 
flow from the groove, or that in the latter, more especially if this 
mei*ely represented an elongated cavity, as a filling in from the 
former. 

No metallic grains or matter likely to have resulted from the al- 
teration of the same, or mineral from which the iron could possi- 
bly have been derived, was observable in any other part of the 
specimens examined. 

The material which, as already remarked, had an oolitic struct- 
ure, was dense in texture and firmly adherent to the face of the 
quartz. It was found to be made up of: 

Metallic grains 58.85 

Llmonite 39.7S 

Siliceous matter 1.4:? 

100.00 
The siliceous matter consisted of angular particles of quartz which 
had evidently been chipped off with, and remained attached to the 
material when removing it from the rock. 

The metallic grains varied greatly in size, the largest not ex- 
ceeding thirty -seven hundredths of a millimetre in diameter, 
whilst many, perhaps the greater number, were of far smaller di- 
mensions, and others were of microscopic minuteness. Although 
diverse in form yet all were rounded and, for the most part, more 
or less spherical in shape. Tliey were strongl}' attracted bj- the 
magnet and after separation by its aid from the associated non- 
metallic matter, aggregated themselves into loose bunchy masses 
or formed trains. Brittle — in the process of pulverization 
emitted a faint yet distinct phosphorretted odour. Colour of 
freshly fractured surface of metal, steel-gr5}\ When immersed 
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in a solution of cupric sulphate the grains became immediately 
coated with a film of metallic copper. They were readily at- 
tacked by hydrochloric acid with evolution of hydrogen possessing 
a marked o<lour of phosphine, the latter, however, gradually 
passed off as digestion proceeded, when a peculiar fetid smell sim- 
ilar to that which characterizes hydrogen evolved from wrought 
iron or impure zinc, was observable. Hydrochloric acid did not 
effect complete solution — the undissolved material still presenting 
a metallic aspect ; a further treatment with nitric acid, however, 
removed the remaining metallic matter, leaving a granular, nucle- 
iform, non-metallic, insoluble residue. 

The metallic spherules were found to have a specific gravity, at 
15.5^ C, of 6.8612, and a composition, as follows : 

Iron 88.00 

Manganese 0.51 

Nickel 0.10 

Cobalt 0.21 

Copper 0.09 

Sulphur 0.13 

Phosphorus 0.96 

Carbon ? 

Organic matter undet. 

Insoluble, non-metallic, residue 9.70 

99.75 
The insoluble residue consisted of spherical, ovoid, etc. , shaped 
grains which were more or less coated with a yellowish-brown, ap- 
parently humus-like, substance. When broken, these spherules 
were seen to have a concentric structure, apparently of a concre- 
tionary character. On ignition the organic matter readih' burnt 
off, leaving them snow-white. The ignited spherules were found 
to be exceedingly hygroscopic, so much so, that in the short space 
of time occupied in their transference from one container to an- 
other, they absorbed not less than 0. 775 per cent, of water. 
An analj'sis of this residue gave the following results : 

Silica 9. 17 

Alumina 0. 11 

Ferric oxide o. 10 

Lime 0.00 

Magnesia 0.03 

Loss?^ 0.29 

9.70 

*The analysis was cor^ucted upon a very small amount of material 
— the silica may, not improbably, be a little too low. 
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Hence, the centesimal composition — of the metallic portion of 
the spherules, would be : 

Iron 97.79 

Manganese 0.57 

Nickel 0.11 

Cobalt 0.23 

Copper 0. 10 

Sulphur 0.13 

Phosphorus 1.07 

Carbon ? 

100.00 
and that of the insoluble, non-metallic, residue ; 

Silica 93.95 ' 

Alumina 1.13 

Ferric oxide 1.02 

Lirne...^ 0.62 

Magnesia 0.31 

Loss ?» 2.97 

100.00 
The limonite did not contain any, so to sa}', denuded nuclei, so 
that supposing it to have resulted from the weathering of the me- 
tallic spherules, the change had in no instance proceeded so far 
as to effect the removal of the whole of the metallic covering. 
Some of the nuclei were of microscopic minuteness, hence it 
may be inferred that even the smallest of the metallic spherules 
contained a siliceous nucleus. The limonite gave no reaction for 
chlorine. 

From what has preceded it will be seen that the metallic look- 
ing spherules which were disseminated through the limonite, con- 
sisted of nuclei of silica coated with a humus-like substance which 
in turn, was overlain by a metallic layer, the latter containing all 
the elements most frequently met with in meteoric iron. The 
amount of phosphorus is relativelj- large, that of the nickel, how- 
ever, very small, consequently if it be regarded as present in the 
form of any of the varieties of nickel-iron or schreibersite, it 
would represent but comparatively trifling amounts of either of 
these bodies. 

Owing to the fact that all meteoric iron contains nickel, the 
presence of that element in a native iron has generally been re- 
garded as evidence of its extra-terrestrial origin and for this rea- 
son the irons of Chotzen and Petropaulwosk although sometimes 

'The analysis was conducted upon a very small amount of material — 
the silica may, not improbably, be a little too low. 



i. 



Ameiioaii OmlOffUt. 





Peculiar Form of Metallic Iron, — Hoffman. 109 

mentioned in connection with those of accepted telluric origin^ 
are, in consideration of their having been shown to be nickelif er- 
ous, referred to by some authorities as most probably of meteoric 
origin. It will be remembered, however, tha\ the native iron of 
Ovifak, Disco Bay, Greenland, which was at first regarded by the 
discoverer, Nordenskiold, and others as meteoric iron, also con- 
tains a certain amount of nickel, yet the observations of Steen- 
strup, TOmebohm and Smith, make it very certain that the iron is 
not meteoric but of terrestrial origin, in which case the presence 
of nickel in an iron would not have the same significance as it was 
formerly supposed to have. 

Assuming, therefore, that the trifling amount of nickel present 
in this iron would not necessarily imply a cosmic origin, the rela- 
tively large amount of phosphorus accompanying the nickel, the 
presence of organic matter^ and the fact of the spherules contain- 
ing nuclei, apparently of a concretionary character, would suggest 
the possibility of this iron having a terrestrial source, upon the 
assumption that it has resulted from the reduction of an iron-salt 
by organic matter, in which case it would have a community of 
origin with the sideroferrite* of Bahr. 

I am indebted to my friend Dr. A. P. Coleman for the skill- 
fully executed water-colour sketches from which the accompany- 
ing plate has been prepared. These will serve to convey a far 
more accurate idea of the material under consideration than any 
mere verbal description of the same possibly could. 

EXPLANATION OP PLATE. 

Fig. 1. Shows mode of occurrence of the material in the rock — 
^Natural size. 

Fig 2. Illustrates two of the most prominent forms of the me- 
tallic spherules — Magnified 85 diameters. 

*Sach as the iron fouDd by Andrews in basaltic rocks from the 
Giant's Causeway, and that found by Mossier in lava from Graveneire 
in Auvergne. 

>The presence of organic matter of the nature (humus-like) of that 
hete referred to would not appear to be inconsistent with an extra-ter- 
restrial origin. The meteorite of Alais contained a carbonaceous mat- 
ter which Berzelius considered might not improbably be humus. WOh- 
ler found' the carbonaceous matter of the Kold-Uokeveldt and Kaba 
meteorites to consist of a mixture of amorphous carbon and bituminous 
matters, described as not unlike Scheererite or Ozocerite. Cloez again, 
found the carbonaceous matter of the Orgueil meteorite to resemble, 
both in appearance and composition, certain humus substances. 

*A native Iron found by Bahr, in the form of grains, thin laminae 
and powder, in a fragment of mineralized wood — resembling bog-iron- 
ore in appearance — from a floating island in the Ranlanger Lake in 
Smaland, Sweden. 
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Fig. 3. Shows diversity of form of the metallic spherules and 
disposition of these to form trains — Magnified 25 diameters. 

Fig. 4. Exhibits form and structure of the siliceous nuclei (the 
largest of these having been selected) — Magnified 25 diameters. 
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The Crenitic Hyphothesis. 

It must be highly gratifying to the author of this work* that 
after so short an inter\'al as four years, he is called to issue a 
second edition, for it deals with some of the most advanced prob- 
lems of chemical and speculative geology, and is in demand only 
by those working geologists whose labor is in the Archean rocks. 

The most important part of this volume is that which treats of 
the origin and genetic history of the crystalline rocks, occupying 
chapters V and VI. From his long-continued chemical and mine- 
ralogical studies in the geognos}- of the crystalline rocks Dr. Hunt 
derived the *' Crenitic hypothesis " of their origin. He shows that 
none of the h3'potheses that had been proposed fully satisfied the 
conditions of the problem of their origin. 

There are six theories which he rejects. ( 1. ) That which he 
styles endoplutonic and which supposes the crystalline rocks to 
have been formed from the mass of the primeval globe as it con- 
gealed from igneous fusion, he shows, as remarked b}^ Naumann, re- 
quires a progressive consolidation from the surface downward. 
This order is the reverse of that which has been established for the 
normal succession in the growth of the crystalline rocks. In many 
parts of the world observers concur in the statement that these 
rocks are newer in ascending order, and gradually' assume, through 
the so-called transition strata, the physical characters of the un- 
crystalline and sedimentary rocks. 

(2.) The exoplutonic theory conceives the crystalline strati- 
form rocks to have been formed from volcanic ejectamenta from 
beneatli the superficial crust of the earth. This includes, besides 
lavas and pyroclastic rocks, the ordinary products of volcanoes, 
according to some of its adherents, also hydrated serpentinic and 

^Mineral PhysioJogy and PhysUtgraphy ; a second scries of Chemical 
and Qetjloyical Essays, T. Stebby Hunt. Second Edition, with new 
preface. Octavo, 710 pp., Scientific Publishing Company, New York, 1891. 
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feldspathic magmas, and even quartz, magnetite, limestone, rock- 
salt, anhj'drite and some clays and sands. To this he states there 
is no evidence in the lithologicai character of these rocks of their 
volcanic origin. And that the universality of their distribution 
and unity of characters, as well as the thoroughly crystalline 
character of the gneiss, are incompatible with this idea. 

( 3. ) The metamorpkic hypothesis would derive the primitive 
strata from the consolidation and the recrystallization of detrital 
plutonic rocks, or at least from rocks derived from the destruction 
of other older rocks, the debris from which had been laid 
down in the bottom of the sea as sediments. The enormous thick- 
ness of the primitive strata, at least 30,000 feet, and their world- 
wide extent renders it inconceivable that any older lands could 
have existed capable of furnishing this amount of material by any 
such process. Again the crj'Stalline condition of the gneiss is so 
perfect that it bears slight resemblance to any rock known to have 
been formed by such consolidation from sediments; and all 
examples of reputed metaroorphic rocks like those of the primitive 
strata, of secondary or tertiary age, have, on careful examination, 
been found to be based on wrong observation. 

( 4. ) The mefasoniatic hypothesis postulates the formation of vast 
deposits of limestone and their subsequent conversion into gneisses 
and schists by slow chemical replacement. This has for its basis 
the occasional observed association of some silicates with calcite 
and their substitution for it. The author regards this hypothesis 
as a gratuitous one, and says that it ^ * would make as great a de- 
mand on our credulity as the metamorphic hypothesis itself." 

( 5. ) The chaotic hypothesis, of Werner, which supposes that 
all the materials of the cr^'stalline rocks were originally dissolved in 
a primeval sea, and were successively deposited in crystalline form 
from it, meets with insurmountable chemical difficulties, the chief 
of which is the inconceivableness of any conditions by which all 
these elements could have been held in solution by the ocean at 
any one time. This idea, successfully urged b}- Playfair and his 
followers, ** contributed to the discredit which fell upon the Wer- 
nerian hypothesis." 

(6.) The theory of Daubr6e, the thermo'chaotic hypothesis, 
requires that the first oceanic waters be hot, and thus able to ex- 
ert a powerful solvent action upon the previousl}' formed plutonic 
rocks of the primitive crust, transforming them into the present 
crystalline stratiform rocks. These waters were condensed upon 
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the primeval surface under a pressure estimated to be equal to 250 
atmospheres, corresponding to a temperature near that of redness. 
This process Hunt regards as prior to that in which the actual 
crystalline rocks were formed, their mineralogieal characters and 
associations being incompatible with the elevated temperature sup- 
posed. This early history was but a preparation for the generation 
of the crytalline schists, whose temperatures must have been such 
as to allow the existence of organic forms, evinced by Eozoon, by 
limestones, quartzytes, carbon, etc. 

These difficulties show that no previous hypothesis meets all the 
conditions. The author therefore proposes the Crenitic HypothestM. 

In the author's mind this hypothesis has been a gradual growth, 
its various stages of advance being recorded in his successive pub- 
lished papers, since 1858. It ^< conceives the crystalline rocks to 
have been derived, directly or indirectly, by solution from a primary 
stratum of basic rock, the last congealed and superficial portion of 
the cooling globe, through the intervention of circulating subter- 
ranean waters, by which the mineral elements were brought to the 
surface. ♦ » ♦ Tj^e cooling of the surface of the 
earth by radiation, and the heating from below, would establish 
in the disintegrated, porous and unstratified mass of the primary 
[basic] layer, a system of aqueous circulation, by which the waters 
penetrating this permeable layer would be returned again to the 
surface as thermal springs charged with various matters, there to 
be deposited. The result of this process of upward lixiviation of 
the mass would be the gradual separation of the primary, undiffer- 
entiated layer into an upper stratum, consisting chiefiy of acidic 
silicates, such as feldspars with quartz, and a lower, more basic 
and insoluble residual stratum charged with iron oxide and mag- 
nesia, the two representing respectively the overlying granitic and 
the underlying layers, the presence of which beneath the earth's 
surface has generally been inferred from exoplutonic phenomena. *' 

The fundamental fact of this hypothesis is the formation, by 
aqueous secretion, of zeolitic minerals in the cavities of basic 
eruptive rocks. This is pursued in its ramifications and modifi- 
cations until it is found that orthoclase, quartz, albitc, amphibole, 
garnet, epidote, magnetite, hematite, native copper, native silver, 
and in fact nearh' all the minerals that are found in the gneisses 
or in schists, and many others, are explainable by aqueous secre- 
tion from basic plutonic rocks. 

The argument is pushed to its conclusion with a wealth of ii- 
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lustrations and a redundance of chemical interpretations which^ 
liave made Dr. Hunt's writings unique in American geological 
literature. Among other facts he quotes the remarkable discovery 
of Murray and R^nard, viz : that a decomposition of volcanic 
detdtal material goes on at low temperatures in the depths of the 
ocean, transforming basic silicates, represented by volcanic glasses, 
such as hyalomelane and tach} lite, into a crystalliuje zeolite on the 
one hand, and the characteristic red clay of deep-sea deposits on 
the other. This goes on at a temperature approximating zero, 
centigrade. 

As a theory the *'Crenitic hypothesis" is well set on its 
legs. It has to undergo yet the fire of innumerable criticisms 
and the counteracting effect that may come from a more perfect 
knowledge of Archean stratigraphy itself than is evinced by the 
author. There is great diversity in the Archean rocks, and yet a 
grand progression in their general lithologic aspects. A stumbling- 
block which the theory will encounter at once is its ** sweeping '* 
scope. The Archean rocks are all subjected to its single operation. 
That has been the trouble with all former hypothesis. Tliey have 
been based on partial evidence. All these rocks have been thrown to- 
gether in a lot, and if a part of them have been found explainable 
by any observed process, that has furnished foundation to explain 
them all. It will meet with another obstacle in the fundamental 
assumption that the supposed crenitic circulation of water in early 
Archean time would in the first instance, bring siliceous elements 
in solution to the surface, and would reject the basic elements. In 
the scale of solubility silica ranks very low among the natural 
minerals, and it is questionable whether natural waters would pre- 
vailingly take it into solution to the neglect of the others. Would 
not the order be the reverse from that supi)osed ? Would not the 
natural effect be the rejection, as a whole, of the more insoluble 
siliceous elements, and the removal of the basic by solution ? Is 
it not after water has first become charged with alkalinic or other 
solvents that it attacks silica and carries it in solution ? Is it not 
true that the characteristic elements of the supposed residual 
stratum, (iron-oxide and magnesia) are themselves more soluble 
than the characteristic elements of the supposed crenitic stratum 
and hence that tho^' would be brought sooner to the surface ? 

The h3"pothesis starts out with a statement of what appear to 
be contradictory postulates, viz : First, the primitive basic stratum 
is said to be * *the last congealed and superficial portion of a cooling 
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globe," leaving us to suppose that the lower portions were cooled 
and congealed earlier, yet the circulation of the crenitic water is 
instituted and maintained by the ^< cooling of the surface by radia- 
tion and the heating from below." 

The *< greenstones" form the uppermost member of the pre- 
Taconic crystalline rocks. The}' are characterized by their re- 
semblance to the supposed << residual stratum," i. e., they contain 
in abundance the '^insoluble oxide of iron and magnesia." The 
author supposes, in partial accordance with the latest deductions, 
that these rocks are the result, first, of exoplutonic extravasation, 
and second, of the chemical deposition of magnesian silicates from 
solution derived from the action of waters on this extruded mate- 
rial. There is here apparently another anomalous supposition in- 
troduced, in that the action of the surface waters on this basic 
matter removed the lime and magnesia which are said to pass in 
solution into the sea, leaving of course the siliceous elements 
undisturbed or at least not carrying them into the sea. Yet this 
basic matter is said to have been derived from the supposed ' * res- 
idual stratum " and must hence have been not very much unlike 
the basic primitive stratum on which the crenitic waters are sup- 
posed to have acted with a result almost the reverse. 

The author takes but little account of the grand phj'sical struc- 
tures of the Archean rocks, such as bedding, dip, compression, 
shearing, schistosit}', and the various more minute features which 
are generally considered as indices of a long physical history and 
of the agency of mechanical forces in bringing these rocks into 
their present conditions. The idea of metamorphism from a 
stratified sedimentar\' origin is speciall}' denied. The results of 
late microscopic research into the intimate structures are passed 
by in silence. 

These are some of the obvious difficulties which arise in the 
mind of the reader who attempts to digest the argument, and are 
not supposed to be insurmountable objections to the h^-pothesis — 
though sometimes h3'pothese8 have been cast aside as worthless on 
no stronger evidence of inconsistency. 
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On Uie Nickel and Copper DeposlU of Sudlmry, Ontario, By Alfred 
E. Barlow, M. A. (of the Geological Survey Dept.) This timely paper, 
which appears in the June number of the Ottawa Naturalist, deals in 
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general with the discovery, geological relations, mode of occurrence, and 
composition of the nickel and copper ores in the Districts of Algoma and 
Nipissing, together with their preliminary metallurgical treatment as 
carried on in this district. The discovery of nickel in Canada dates 
back to 1846, when its existence in workable quantities at the Wallace 
Mine, on lake Huron, was made known. In 1856, Dr. T. Sterry Hunt in 
his analysis of some trap collected by Mr. Alex Murray of the Geological 
Survey from the northwestern corner of the township of Waters, showed 
that small quantities of nickel and copper were present. These deposits 
are composed of very intimately mixed chalcopyrite and nickeliferous 
pyrrhotite. The detection at some of the openings of polydymlte, a fer- 
riferous sulphide of nickel, as well as a few undoubted crystals of mil- 
lerite seems to justify the assumption that in the more highly nickel- 
iferous deposits, at least, the nickel is also present as a sulphide dissem- 
inated through the ore mass like the iron and copper. These sulphides 
may be said to occur in three distinct ways : 

Ist, as contact deposits of pyrrhotite and chalcopyrite situated be- 
tween the clastic rocks, such as felsites quartzites, etc., and intrusive 
diabase or gabbro, or between these latter and granite or micropeg- 
matite. 

2d, as impregnations of these minerals through the diabase or gabbro 
which are sometimes so rich and considerable as to form workable 
deposits. These sulphides are in no case present as disseminations 
through the clastic rocks very distant from the diabase or gabbro which 
seems clear evidence that they have been brought up by the latter. 

3d, as segregated veins which may have been filled subsequently to 
the intrusion which brought up the more massive deposits. These veins 
are not very common although certain portions of the more massive de- 
posits may have been dissolved out and re-deposited along certain faults 
and fissures. 

Assays made for the Canadian Copper Co., by Mr. F. L. Sperry, the 
chemist, show a range in the percentage of nickel from 1.12 per cent, to 
4.21 per cent, with an average of 2.38 per cent., while the copper varied 
from 4.03 per cent, to 9.98 per cent, with an average of 6.44 per cent. 
Mr. Hoffmann, of the Geological Survey, assayed four samples which 
showed the nickel contents to vary from 1.95 per cent, to 3.10 per cent, 
with an average of i.25 per cent. The metallurgical treatment com- 
mences at the roast where the ore is piled in rectangular heaps on pre- 
viously laid cord wipd and roasted for 50 to 70 days and when thoroughly 
done should contain about 7 or 8 per cent, of sulphur. It Is then smelted 
in a very perfect water-jacketed furnace, the resulting product or 
* matte" containing about 27 per cent, copper and 14 per cent, nickel. 
This is then packed in barrels and shipped to the various refineries of 
the United States or Europe according to their respective bids. 

The paper in question is the best report we have seen as yet upon the 
Sudbury region, and no one interested in the geological and mineralogl- 
cal problem involved, as well as the metallurgical points with which It 
deals, can be without it. 

On the Sequence of Strata forming the Quebec Group of Logan and 
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Billi7i£f8f wVQi retnarks on the Fossil Remains found therein. By Henry 
M. Ami, M. A., F. G. S., etc., of the Geological Survey of Canada. 

The above is the title of a paper commuDicated to the Royal Society 
of Canada by Dr. G. M. Dawson at its meeting in Montreal last May. 
The paper dealt with the geological facts and grounds upon which the 
Quebec group rested and made it a necessary term in the geological 
sequence of strata in North America, but especially in the Province of 
Quebec. 

The separation of the various formations constituting this natural 
group based upon faunal as well as on other physical relations, pointed 
clearly to the existence of such a series of highly fossllferous sediment- 
ary strata as that which Sir William Logan had recognized and Mr. Bil- 
lings so clearly demonstrated early in the sixties. 

The removal of the so-called Hudson River black graptolitlc shales, etc., 
such as are met at Quebec City, on the island of Orleans, along the 
Marsouin river, and other places In the Province of Quebec, and at Nor- 
mans Kiln in New York state, in Penobscot Co., Maine, etc., from the 
upper-most position in the Ordovician system i.e.,immcdiately above the 
Utica formation, or just below the base of the Silurian (Upper Silurian) 
system was absolutely necessary in the llRht of facts, whether palseon- 
tological, stratigraphical or of other physical reasons. 

The characteristics of this series of rocks when studied in the field as 
well as in closer detail, point clearly to its intimate relation and asso- 
ciation with the L^»vis formation of Sir William Logan's Quebec group. 
The L^vis formation and the Quebec formation along with the Sillery, 
form a group of three formations which are capable of being subdivided 
in many instances Into smaller zones and subdivisions, but all of which 
were deposited under similar conditions at a period forming the lower 
half of the Cambro-Silurlan or Ordovician period in geology. It will 
thus appear that the rocks constituting the Quebec formation (which 
term has been used to designate the hitherto so-called Hudson River 
graptolitlc shales, having been adopted by Prof. Walcott and other 
American geologist,) form part and parcel of the Quebt»c group of Sir 
William Logan and full naturally as a division of that group. 

The intimate relations stratigraphical, paI»ontological and physical 
which exist between these throe terranes are very evident, and the paper 
goes on to deal with the faunas entombed in each. Extreme care has 
been taken to base all deduction, whether pala^ontological or otherwise, 
on facts, and whether tlie species of fossils found and noted occur in sUn 
or not, in loose bowlders scattered in the fields, or whether they occur in 
pebbles or in the paste of conglomerates and conglomerate-like bands, 
also where they occur, and the precise locality and place in the series 
have been ascertained, so as to leave out possibilities of error as much as 
possible in a problem, which, like the present one,affords such diversity of 
I relations and complexity of structure. 

f This paper is In fact a sequel to the author's paiMjr read before the 

Oeological Society of America at Washington last December, and pub- 
lished amongst the Bulletins of that Society last April. (See Bull. Geol. 
8oc Am., Vol. 2, p. 4, TP— 502, Plate 20.) It will contain a synoptical 
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list of the faunas entombed in the strata constituting tiio Quebec group 
in the Province of Quebec, and reference, etc., points of contact between 
these and similar series in the Newfoundland section. 

Oil the Lower Cambrian Age of the Stochbridge Umestone. By J. E. 
Wolff. Bulletin, G. S. A., vol. li, pp. 331-338, with two figures; March 
18, 1891. A detailed description of the structure of the Green mountains 
and western parallel valleys and ridges in Rutland, Vt., is here given 
with a map and a section. The rocks dip steeply eastward and comprise, 
in order from east to west, (1) the Green mountt^ln gneissic schists, with 
beds of conglomerate ; (2) quartzite, proved by Walcott's discoveries to 
belong to the Olenellus zone of the Lower Cambrian ; (3) the limestone 
of the Rutland valley, in which Dr. A. F. Foerste and Dr. Wolflf last 
year found fossils at numerous localities, including 2 SalterelUi closely 
resembling or identical with S, curvatus of the Olenellus Cambrian of 
North Attleboro,Mass.; (4) quartzite, conglomerate, gneiss, and schists, 
forming Pine hill ; (5) the limestone of the Center Rutland valley, in 
which Dr. Foerste has detected fossils of Lower Silurian age, like those 
found by Rev. A. Wing in the West Rutland limestone; (6) a belt of 
schists ; (7) the limestone of the West Rutland valley ; and (8) the 
schists of the Taconic range. The stratigraphy includes overturned 
folds and probably a thrust plain along which the Cambrian is pushed 
westward to overlie the Lower Silurian limestone. 

This paper has an important bearing on the vexed Taconic question, 
since in verifying the stratigraphy of the lower part of the Taconic as 
made out by Dr. Emmons, conforming in that respect with results pub- 
lished in the last number of the Geologist by Mr. Dale, it shows the 
partial incorrectness of the stratigraphic scheme lately published by 
Mr. Walcott, and earlier by Prof. Dana. 

Tlie Geology of Mount Diablo, Calif omUt. By H. W. Turner. With a 
supplement on The Chemistry of tfie Mount Diablo rockSy by W. H, Mel- 
ville. Bulletin, G. S. A., vol. il, pp. 383-414, with a map and three fig- 
ures; March 30, 1891. Mount Diablo, an isolated peak of the Coast ranges, 
lying 27 miles east of San Francisco and rising nearly 4,000 feet from 
the sea level, was selected by Whitney, in the Geological Survey of Cal- 
ifornia, for detailed examination, which resulted in the discovery that 
the greater part of the metamorphic rocks of these ranges are of Creta- 
ceous age. More recently Mr. G. F. Becker, of the U. S. Geological 
Survey, has shown that only the Necocomian or basal strata of the Cre- 
taceous series have been highly silicified, serpentinized, and otherwise 
altered ; and the continuation of this investigation by further field work 
and chemical analyses is described in the present paper. The metamor- 
phism probably took place at the time of the first folding and uplift of 
the Sierra Nevada, which Becker refers to the close of the Gault epoch. 
After this date four terranes, namely, the Chico, Tejon, Miocene, and 
Pliocene, were deposited in succession and conformably with each other 
upon the Mount Diablo area ; and the main upheaval of this mountain 
occurred, according to Mr. Turner, at the close of the Pliocene. The 
uplift of the central metamorphic mass was so energetic thai part of the 
strata to the south were thrown into an overturned fold, and in one 
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locality there Is an overthnist fault, with horizontal displacement of 
about one mile. As to the nature of the disturbances which in late 
Tertiary tima and at its end formed the system of the Coast ranges, this 
author believes, with Whitney, that they were ** sudden and sharp, so 
that the result may be called a crushing and breaking rather than an 
uplifting and folding/' 

Tivo belts of fofiHiliferotuf black Hhale in the Triasfdc formation of Con- 
nectlcuL By W. M. Davis and S. Ward Loper. Bulletin, G. S, A. vol. 
li, pp, 415-430, with tlyee figures; April 9, 1891. Professor Davis dur- 
ing tne past nine years has given much study to the Triassic area of the 
Ck>nnecticut valley, and the first part of this memoir gives a summary of 
his conclusions, as published more fully in earlier papers, concerning 
the structure of the Triassic formation, with its several trap sheets, in 
the vicinity of Meriden. Three principal overflows of lava, named by 
Percival the anterior, main, and posterior trap sheets, are interbedded 
with the upper half of the conglomerates, sandstones and shales; and 
besides at least one great intrusive sheet is found, its position being be- 
low the overflow and near the base of the formation ( Am. Geologist, 
vol. iv, p. 112). The epoch of deposition was terminated by an upheaval^ 
in which the whole series of aqueous and igneous beds were tilted and 
faulted, being divided into long narrow blocks, from an eighth of a mile 
to a mile or more in width, with dislocations of upthrow on the south- 
east side of the fractures, varying from a few tens of feet up well to- 
ward 2,000 feet. Denudation ensued during the Jurassic and Cretaceous 
periods, reducing this broken country to a surface of moderate relief and 
low altitude ; but about the beginning of the Tertiary era it was again 
elevated, and the present hills formed by the outcropping edges of the 
trap sheets arc partial measures of the extent of erosion since that time. 
These interpretations of the structure and history of the area have 
enabled the authors to discover a considerable number of new localities 
of the twofosslliforous horizonsof black shales which were before known 
in Durham and Westfield. The extreme points at which the Durham or 
lower bed has been thus identified are about fifteen miles apart, with 
ten well proved faults between them ; while fossiliferous outcrops prob- 
ably belonging to the Westfield or upper bed are found in places sep- 
arated by fifty miles and by twelve or more faults. 

The greater part of the search for fossils has been done by Mr. Loper, 
who describes his methods of work and the localities which have been 
successfully explored. His provisional list of species comprises eleven 
fishes and ten plants, with others undetermined ; and the search has 
yielded about 450 specimens of fossils, in addition to the many hundred 
which had been pn»vIously collected in Durham. Five species of fish' 
and five of plants are common to both the lower and upper fossiliferous 
belts, which are here caUed respectively anterior and the posterior black 
shale, from the nearly associated trap sheets. 

PantobUdlon. An "international bibliographical review of the world's 
scientific literature." 

This is a very comprehensive and ambitious new journal, at least in 
the scope which it proposes to cover. It is edited by A. Kersha, C. E.» 
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and it is published at St. Petersburg, Russia. If it can be carried out 
on the plan of the first No. which was recently issued, there is no doubt 
that it will be a valuable publication for librarians, scientists of all 
kinds, and all students who desire to keep acquainted with the work of 
their fellows in other countries. But it will require a great outlay of 
money, and a large corps of sub-editors to abstract the proper condensed 
notes from the various publications of the world, and it will hav^ to 
have free access to all scientific publications. This will require the es- 
tablishment, at once, of a library of large dimensions. The first number 
contains about 1,200 titles of new publications, 80 critical articles or re- 
views of leading books, and an index of contents of 370 periodicals, and 
embraces scientific literature of all countries of the civilized world, in 
all the principal languages. New York, D. Appleton «& Co. 

Geology of the environs of Qf tehee, with rrwip and sections, Jules 
Marcou. (From the Proc. Boston Soc. Nat. Hist., Vol. xxiv, pp. 202, 
227.) 

This Is a clear and concise statement of the geological features of the 
vicinity of Quebec. It treats especially of the falls of Montmorency, 
Charlebourg, Indian Loretie, Quebec City, Point Levis and LaChaudiere's 
fall. With the exception of a narrow belt of Champlain rocks which is 
represented running east and west from the vicinity of Montmorency 
falls to and west from Indian Lorette, all the concerned region is in- 
cluded in the Taconic (upper and middle). The structure of the rocks 
at the Redoute, at Point Levis, and of the hill at Quebec are represented 
to be similar, in that there is an under dip of the strata, at both points, 
on each side of the hill, the intervening strata, forming the elevated 
part of the hills, being supposed to wedge out downward, owing to the 
sharp folding and the close pressure. The fossils lately found by Mr. 
Ami and others indicating a more recent age for these strata are be- 
lieved by Mr. Marcou to be not indicative of their age, being some of 
them entirely new species, and when not new, entirely explainable on 
the theory of Barrande ^^Ules colonies,"' and strictly of Taconic age. 
The quartzyte at Montmorency falls he considers of unknown age, 
though there is no valid reason against considering it of the age of the 
Granular quartz, of Vermont. Until it can be shown that between the 
time of the Trenton, which lies horizontal on the quartzyte at Mont- 
morency falls, and the Taconic which is everywhere subject to great 
upheaval and to the interstratification of igneous rock and to the uncon- 
formable overlie of the Trenton, tiiere w^s an epoch of rock-making 
like these Quebec rocks, and that later, and before the advent of 
the Trenton, these strata were upturned to verticality, the general 
geognosy of the region certainly seems to agree with tiie views of Mr. 
Marcou. The rocks that may be said to intervene betwe<Mi the Trenton 
and the Taconic in the region are theChazy, Calclferousandthe St. Croix, 
but these, wherever they have been identified, are nearly horizontal and 
indicate nothing of contemporary volcanoes and later upiieaval and 
crumpling, and within so small an area they could hardly be expected to 
vary so much. The researches of Mr. Ells, under the Geological Survey 
of Canada, point to the conclusion that these rocks are divisible between 
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the Cambrian and the Taconic, i. e. between the second and the first 
faunas. The Levis strata and the City of Quebec rocks he places to- 
gether under the term Levis (for which, however, Mr. Ami prefers to 
retain the name Quebec ;, and the Sillery strata, underlying the Levis, 
he would locally designate by the term Sillery. This Sillery consists of 
two parts, a series of shales and sandstones and a series of quartzytes 
and^ limestones, the latter unconformable below the former. This un- 
conformity within the Sillery, w^hlch is the Taconic of Emmons, cor- 
responds with a great break which has elsewhere been discovered in the 
Taconic, and apparently marks the date of outbreak of the eruptive 
fa<*Jes of that period. The red shales of the upper Sillery are analogous 
to the red shales and sandstones of the Georgia of Vermont, and of the 
upper part of the Nipigon series of the Northwest, and the underly- 
ing limestone and quartzyto seem to be on the stratigraphic level of 
the WinoGski marble and Granular quartz of Vermont, and of the Pewa- 
bic quartzyte and **cherty limestone" of the MesabI range In Minne- 
sota. This would make the Sillery the representative of the upper iron- 
bearing formation of the Northwest, and of the Taconic district of 
western New England. The intensity of this outbreak, and its wide 
extent, are shown in the fact that it accompanies this horizon all along 
the Appalachian chain, through New Jersey, into the Courtland region 
of New York, the Adirondacks. and thence through the Canadas to the 
regions of the Great Lakes. 

An ExpedUion to Mt. St. Elkis, Alaska. Isbael C. Russell. (Nat. 
G.jog. Mag. Vol. Ill, pp. 53, 204, May 29, 1891.) Eighteen plates, S1.50, 
Washington. 

This very interesting and valuable number of the National Geographic 
Magazine, which is wholly taken up with this report, contains a very 
full description of the experiences, and the results, of the expedition of 
1890, under the auspices of the National Geographic Society, led by Mr. 
Russell. The usefulness of modern photography to geology and geog- 
raphy is beautifully illustrated In the numerous handsome plates which 
are given. The volume Is a very valuable addition to the literature con- 
cerning Alaska, and adds very much to all former reports on the topog- 
raphy, geology, and especially on the glacial geology of that territory. 

GeoliMjical Survey «»/ Xew Jerftcy. Annual Rei)i}rt fttr 1890. Joiix C. 
Smock, state geologist, Trenton. 1891. pp. 305, three maps. 

This valuable reiwrt embraces a summary report by Prof. Smock, a 
brief report by E. A. Bowser on the condition of the Coast and Geodetic 
Survey in the state, a report on the geology and other features of the 
iron mines by Frank L. Nason, including a chapter on the post-Archean 
age of the white limestones of Sussex Co., and an elaborate report by 
C. C. Vermeule on the water-supply and water-power of the state. Al- 
together the document Indicates a state of healthy activity for the 
survey. 

We have noticed the high scientific value of the report of Mr. Nason 
who has brought out some very important facts respecting the white 
limestone'* and iron ores of Sussex county. Already this had been fore- 
shadowed by the article of Mr. Nason in the April No. of the American 
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Geologist (Vol. VII, p. 241), on the Post-Archemi age of the white lime- 
4fU)nes of SuHHsex county. It Is true that the views of Dr. E. Emmons 
since 1846, and of all his school, have made the Taconic strata pass 
through that part of New Jersey, for It is well known that the geology 
of northern New Jersey is but a continuation of that of southeastern 
New York, but the views of Prof. Dana as to the Archean age of these 
gneisses, and of the accompanying limestones, based as they were on 
the supposed infallibility of chondrodlte as a sign of that age, have pre- 
vailed very largely, and these ores have therefore been classed as Ar- 
chean. The discovery of Olenellus in the quartzyte underlying the 
limestone effectually removes them from the Archean, and as fatally 
overthrows the dictum that chondrodltic limestones are certainly Ar- 
chean, since large quantities of that marked mineral are found in them 
here. It even points to the reverse, and shows that if chondrodlte has 
any value as an indicator of the age of a limestone, it marks the lime- 
stone containing it as Taconic. Another important point established is 
the primordial (Taconic) age of the iron ores, and their close association 
with that limestone, which, coming from the so-called Archean region 
in southeastern New York, was carefully traced by Prof. Dana through 
western Ck)nnectlcut, northward to Stockbrldge, Mass., and to Rutland, 
Vt., where recently it has been proved to be of the same age by a similar 
discovery of Taconic fossils by Wolff and Foerste. This bears strongly 
against the idea that any part of the iron-bearing beds of the region 
traversed by this limestone are.of the age of the Hudson River. 

The fossils that have brought about this result, and the chondrodlte 
which have been found in the limestones, have both been determined by 
associates of Prof. Dana, at New Haven, the former by Dr. C. E. Beecher, 
and the latter by Prof. S. L. Pen field. These results are no surprise to 
geologists who have watched the course of geological research with 
Us tendency, relating to the Taconic, during the last six or eight years. 

There are, however, two Important points in Mr. Nason's report, in- 
cluded apparently In his ** conclusions,*' to which we can not yet sub- 
scribe fully. Firsts It does not seem sufficiently proved that the blue lime- 
stone is the same in age as the white. It shows some singular contrasts 
and divergences. If both can be found to be fosslllferous that would 
settle it. Secondj it is not sufficiently shown that there is no gneiss (as 
distinguished from granite) and that all the acidic crystalline rock con- 
cerned is eruptive. There Is a vast amount of testimony that the lime- 
stone is interbedded and conformable with gneiss. It Is hard to con- 
ceive how a limestone can be placed there, a fosslllferous limestone, and 
a quartzyte, without some other fragmental rocks to accompany them. 
If the limestone and the quartzyte are metamorphosed, what is the 
probable condition of those other fragmentals? Further north this 
limestone Is said to be accompanied by conformable gneiss and mica 
schists. 

Tfie Texas Pcrmidid mid its Mesozoic Types and Fossils. (Bullotlu of 
the U. S. Geological Survey No. 77. as stated on p. 8 ) 

In this bulletin is presented a summary of the various kinds of evi- 
dence indicating the Permian age of a certain series of the strata in 
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western [i. e. northern central] Texas, which have been by some geolo- 
gists referred to the Trias, and by others to the Permian. 

It also contains an announcement of the discovery In those strata of 
certain types of Invertebrate fossils which usually are regarded as In- 
dicative of their Mesozoic age, commingled with a considerable number 
of Carboniferous types. This discovery is the first of the kind that ha» 
been published concerning North American strata, but it Is similar In 
character to those made by Waagen In India, Gemmellaro in Sicily, and 
Karpinsky In Russia. A large proportion of the forms are well knowD 
Ck>al-Measure species. All these species are Illustrated on accompanying^ 
plates, and some of them are described as new. 

The paleontologlcal balance which is indicated by. this commingling 
of earlier and later types in the Texan strata is treated as an item of 
evidence In favor of the Permian age. 

The closing portion of the bulletin is devoted to a general discussion 
of the subject of the existence of the Permian in North America. 

Paleontologically this Is a most important contribution to knowledge of 
North American geology and will be of Inestimable value to the future 
student. The historical and stratlgraphic discussions together with the 
generalizations In the concluding chapter do not, however, coincide with 
numerous observations of more extensive workers In the field. While 
Hitchcock's and McGee maps — which have never claimed to be any- 
thing but compilations — may have represented the area of the Red Bed 
formation in which the fossils occur as Triassic, numerous geologists of 
ability, Marcou, Newberry, Ball, and others, have always spoken of the 
lower division in which they occur as of probable Permian age. Prof. 
Ball, to whom credit is due for the scientific announcement and deter- 
mination of the particular localities discussed, first called attention to 
Its vertebrates, invertebrates and plants. (See American Naturalist, 
June, 1879, Sept. 1880). This naturalist, whom Dr. White seemed to 
have overlooked, died in the field while exploring the region and pub- 
lished only brief mentions which attracted Prof. Cope's attention to this 
unique field. The plants, which promise to be of as great interest a» 
the vertebrates and inverUibrates, although announced twenty years 
ago, have not yet attracted the attention of our paleo botanists. 

The especial interest of this paper is the fact that it determines 
paleontologically that of the great American terrane, known as the 
Red Beds, only the basal portion are of Premian age. These Red Beds, 
although occupying an area in Oklahoma, Kansas, Texas, New Mex- 
ico, Indian Territory, Utah and Arizona, equivalent to at least & 
twentieth of the area of the United States, have never been systemati- 
cally studied or published. Numerous writers, Newberry, Marcou, 
Powell, Shumard, Cragin, Hay and others, have contributed local data, 
but no one has studied the terrane as a whole. Newberry, Marcou, 
Waloott, Hill have poiiitiHl out the different aspects of the upper and 
lower beds and expressed opinions as to their diverse ages. Dr. G. G. 
Shumani.wlio studied the uppermost Red Beds, argues from their paleon- 
tologic ovidiMU'o that they are Cretaceous,* exactly as Dr. White argues 

*S(»e a Partial Report of the Geoloj^y of Western Texas, by Prof. G. G. Shumard, 
Austin, 188G. 
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from fossils collected at their base that they are Permian. Hill has 
shown in his Arkansas report the occurrence of typical Red Bed colors 
and gypum and that the upper limits are of Trinity age. (Uppermost 
Jurassic or basal Cretaceous). The fact Is that the great Red Beds forma- 
tion began in late Carboniferous times, continued during Permian, Trias- 
sic and Jurassic into the lower Cretaceous and should be discussed as a 
structural unit and not a time unit ; the student who will thus treat it 
has a grand field in American geology. 

ThXs Red Beds PremUxn must not be structurally confused with the 
Permo Carboniferous limestones of Kansas and with the white Permian 
limestones of the Guadalupe mountains as defined by the brothers 
Shumard. It is a later and overlying terrane, especially distinguished 
by complete absence of limestones except one stratum at its very base. 

Page 14 gives a section of the strata from eastern Navarro to Swisher 
county, Texas, including the Cretaceous, Carboniferous and Permian. 
The beds of the Upper Cretaceous Series are treated as distinct forma- 
tions, to-wlt : (1) the Timber Creek formation, (2) the Eagle Ford for- 
mation, (3) the Austin formation, (4) the Ripley formation. The re- 
viewer can not agree with this new and inadequate nomenclature in 
place of the one so well established and in local use in the region, nor 
can it fill the stratigraphic requirements. These beds are not fomuiiUms 
but merely beds on one great formation, and the term Ripley and Tim- 
ber Creek have no meaning in the Texas Region; Cope showed in the 
American Naturalist, 1887, that the latter name when first applied by 
Hill to the Lower Cross Timber beds had provlovsly been applied to a 
terrane in New Jersey, while Hill has shown that the term "Ripley 
group" of Uilgard applied to only one horizon In the Glauconitic or 
Upper division of the Upper Cretaceous series of Texas. Neither does 
the section include the great division known as the Ponderosa marls ly- 
ing along the Austin chalk or the Upper or white cliffs chalk so well 
marked in northeast Texas and Arkansas. 



RECENT PUBLICATIONS. 



I. StaU and Oovernvient Reports. 

Reports on the Iron Ore District of East Texas ; from 2nd Ann. Rep. 
Geol. Surv. Texas. 

An account of the progress in Geology for the years 1887 and 1888, 
by W. J. McGee. From the Smithsonian Report for 1888, Washington, 
18W. 

The Iron Ores of Minnesota, by N. H. and H. V. Wlnchell. Bull. 
No. 6 Geol. and Nat. Hist. Surv. of Minn, with map, 26 fig. and 44 
plates, 1891. 

Report on the Cahaba Coal Field, by Joseph Squire, with A pp. on the 
Geology of the Valley Regions Adjacent, by Eugene A. Smith, with 
map, 7 plates and 31 figures. Geol. Surv. of Alabama. 



124 Tlie American Geologist. August, i89i 

New General Map of the Authracite Region, revised to 1890. Geol. 
Surv. of Pennsylvania. 

Mines and Mineral Statistics of Michigan, by C. D. Lawton, Lansing, 
Mich., 1891. 

II. Proceedifigs of ScletUific Societies, 

Procee(Jin(t8 and Trans. Roy. Soc. of Cttnada, Vol. VIII, contains: 
Drift Rocks of Central Ontario, A. P. Coleman ; On the density of weak 
Aqueous Solutions of certain Sulphates, J. G. MacGregor; On a pecu- 
liar form of metallic iron found in Huronian quartzyte, on the north 
shore of St. Joseph island, Lake Huron, Ontario, G. Christian Hoffman; 
Notes on specimens of nephrite from British Columbia, B. J. Harring- 
ton : On the later physiographlcal geology of the Rocky Mountain re- 
gion in Canada, with special reference to changes in elevation, and to 
the history of the Glacial Period, George M. Dawson ; On fossil plants 
from the Similkameen valley and other places in the southern interior 
of British Columbia, Sir J. Wm. Dawson ; Descriptions of some new or 
previously unrecorded species of fossils from the Devonian rocks of 
Manitoba, J. F. VVhiteaves; Foraminlfcra and Radiolaria from the 
Cretaceous of Manitoba, Joseph B. Tyrrell ; The evidence of a Nova 
Scotia Carboniferous conglomerate, E. Gilpin, Jr. ; Illustrations of the 
fauna of the St. John group, G. F. Matthew ; Southern invertebrates 
on the shores of Acadia, W. F. Ganong. 

Proceed, of Amer. Forestry Association, at Quebec, Sept. 2-5, 1890, 
and at Washington, Dec. 30, 1890. 

Bui. of the Amer. Geograph. Soc., Vol. XXIII, No. 2, June 30, 1891. 
Orkneys and Shetland, by Prof. C. S. Smith; Proposed Exploration of 
North Greenland, by R. E. Peary; Journeys on Inland Ice. 

III. Papers in Scientific Journals, 

The Ottawa Naturalist, Vol. V, No. 3, contains : On the Nickel and 
Copper Deposits of Sudbury, Ont., by A. E. Barlow. 

The School of Mines Quarterly, April, 1891, contains : On the Genesis 
of Ore-Deposits, by W. H. von Streeruwitz; An Assay Furnace, by 
Herbert Wood ; Manufacture of Slag Bricks in Montana, by T. Egles- 
ton ; The Treatment of Copper Slates at Mansfeldt, by T. Egleston 
(concluded) ; A Brief Review of the Literature on Ore-Deposits, by J. 
F. Kemp (concluded). 

The National Geographic Magazine, May, 1891, contains: An Expe- 
dition to Mount St. Elias, Alaska, by Israel C. Russel. 

The American Naturalist, June, 1891, contains : A Recent Lava- 
Flow in New Mexico, by Ralph S. Tarr. 

The Journal of the Cincinnati Society of Natural History, April, 1891. 

Zoe, April, 1891, contains: A Miocene Shell in the Living State, by 
J. J. Rivers; Use of Broken Pottery Among Indians, by Edward 
Palmer. 

Am. Jour. Sci., July No., contains: Newtonite and Rectorite, two 
new minerals of the Kaolinite group, R. N. Brackett and J. F. Wil- 
liams ; New analyses of astrophyllite tscheffkinite, L. G. Eakins; Min- 
erals in hollow spherules of rhyollte, from Glade creek, Wyoming, J. P. 
Iddings and S. L. Penfield ; Bernardinite ; is it a mineral or a fungus? 



Luft of Recent Publications. 125 

J. S. Brown ; Development of BUobltes, Charles E. Beecher ; Gmelinlte 
from Nova Scotia, L. V. PIrsson ; Analyses of kamaclte, tasnitc and 
plessfte from the Welland meteoric Iron, John M. Davison. 

Geol. Mag., July, 1891, contains : Note on a nearly perfect skeleton 
of Ichthyosaurus tenuiroatrls^ R. Lydekker; The perched rocks near 
Austwick, T. M. Reade ; The lower Cretaceous series of the vale of 
Vardour, A. J. Jukes-Browne; The recent elevation of the Himalayas, 
H. H. Howorth ; On dynomlc metamorphism, A. Irving ; Rutile in 
Fireclays, W. M. Hutchings ; On the British Earthquakes of 1889, C. 
Davison. 

IV. Excerpts and Individual Publicatloyis. 

Discovery of a Paleolithic Implement at Newcomerstown, Ohio, by 
W. C. Mills and G. Frederick Wright. Tract No. 75 of West. Reserve 
Hist. Soc., Cleveland. 

Museums and Their Purposes. A Lecture before the St. Paul Acad 
of Sciences, by N. H. Winchell. 

On the Unconformities between the Rock-systems underlying the 
Cambrian Quartzite in Shropshire, by Charles Callaway. From Quart. 
Jour. Geol. Soc., May, 1891. 

Preliminary Paper on Artesian Wells in Iowa, by R. Ellsworth Call. 
From Monthly Rev. la. Weather and Crop Serv., April, 1891. 

On the Young of BacelUtes compressus Say, A. P. Brown. From 
Proceed. Acad. Nat. Sci. Phil. 

On Some Causes which may have Influenced the Spread of the Cam- 
brian Faunas, by G. F. Matthew. From Can. Rec. Sci., Jan., 1891. 

The Flood Plains of Rivers, by W. J. McGee. From the Forum. 

Encroachments of the Sea, by W. J. McGee. From the Forum. 

Contributions to Canadian Palaeontology. Vol. I, Part III. The 
Fossils of the Devonian Rocks of the Mackenzie River Basin, by J. F. 
Whit3aves. Geol. and Nat. Hist. Surv. Can. 

V. Forelijn Pulpllcatlons. 

Chillagoe and Koorboora Mining Districts, by R. L. Jack, Townsville, 
Queensland. 

Stavanger Museum. Aarsberetuing for 1890. 

Transactions of the Geological Society of Glasgow, Vol. IX, Part I, 
contains : On the fructification and internal structure of Carboniferous 
Ferns in their Relation to those of Existing Genera, with Special Ref- 
erence to British Palaeozoic Species. By Robert Kidston, F. R. S. E., 
F. G. S. With four Plates (Nos. I to IV). 

Literature specially referring to the Fructification and Internal 
Structure of Carboniferous Forns. 

On the Internal Structure of the Carboniferous Corals forming the 
Genus Chtetctes of Fischer. By John Young, F. G. S., V. P. 

Notes upon a Cutting In the New Kilbirnie Branch of the Lanark- 
shire and Ayrshire Railway, on the Farm of Gurdy, Beith. By Robert 
Craig, Langside, Beith, Corra^pondlng Member. 

List of Fossils in Gurdy Cutting. 

On New Localities for Zeolites. By Professor M. Forster Ueddle, 
M. D., F. R. S. E. With two Diagrams. 



126 ITie American Geologist. August. i89i 

On some Estherice and Esthena-Wke Shells from the Carboniferous 
Shales of Western Scotland. By Prof. T. Rupert Jones, F. R. S., P. G. 
S., Honorary Member, With a Plate (No. V). 

On a Peculiar Structure — Spines within Spines — in Carboniferous 
Species of the Productidae. By John Young, F. G. S., V. P. 

The Geology of the Lugton Valley. By James S. M'Lennan. 

Phenomena of the Glacial Epoch: II. The ''Great Submergence." 
By Dugald Bell, V. P. 

The Surface Geology of Paisley. By Matthew Blair. 

The Great Ice Age in the (rarnock Valley. By John Smith, Kilwin- 
ning. With four Plates (Nos. VI to IX). 

Notes on Gairloch, Ross-shire. By James White. 

Note on the Occurrence of Footprints in the Calciferous Sandstone 
between West Kilbride and Fairlie. By John Smith, Kilwinning. 
With a Drawing to Scale. 

Notes on the Visit of the Geological Society to Bowling on 23rd March, 
1889. By W. J. Millar, C. E. With a Drawing. 

Journal of a Bore put down for Water at Thornliebank, Renfrew- 
shire. With Notes on the Strata, by J. B. Murdoch, Hon. Secretary, 
[Abstract only]. 

On Mammalian Remains from Cresswell Crag Bone Caves. By Pro- 
fessor John Young, F. G. S., Hmi. Member, 

On things New and Old from the Ancient Lake of Cowdenglen, Ren- 
frewshire. By James Bennie, Geological Survey of Scotland. 

EcloKSD Geologlcae Helvetia?, Vol.11., No. 3, contains: Les Hautes- 
Alpes vaudoises de E. i?eiicvicr, par M. Aug. Jaccard ; Envahisfement 
de la mer ^oc^nique aux Diablerets, par E. Renevier; Origine et &ge du 
gypse et de la cornioule des Alpes vaudoises, par E. Renevier ; Trans- 
gresslvit^ Inverse, par E. Renevier ; Chaine du Reculet-Vuache, par 
Hans Schardt. 

Zeits, der Gesell. fftr Erd. zu Berlin, Band XXVI, No. 2, 1891, Georg 
Kollm, contains: Das sQdllchste Brasilien, von Dr. Alfred Hettner; 
Die flachentreue transversale Kegel-Projektion ffir die Karte von Afrl- 
ka, von Dr. Alois Bludau : Aus den Briefen Peter Martyr Anghiera*s. 
Notizen aus der Geschichte du grossen Lauderentdeckungen, von Eu- 
gen Geleich. 

Bericht du meteorolog. Commission des naturfor. Vereines in Brunn., 

1890. 
Verhand. d. Gesell. fttr Erd. zu Berlin. Band XVIII, No. 4, Georg 

Kollm. 

Mittheil. d. Ver. fftr Erd. zu Leipzig, 1990. 

Verhand. d. naturfor. Ver. in Brunn. Band XXVIII, 1889. 

Geol. Asie et Am6rique, par Emm. de Margcrie, Paris, 189 0. 

Twenty-fifth Ann. Rep. of the Col. Museum and Laboratory, by Sir 
James Hector. New Zealand, 1891. 

A Monograph of the Carboniferous and Permo-Carbonlferous Inver- 

tebrata of New South Wales. Part I. By R. Etheridge, Sydney, 1891. 

VI. Museums and Scientiji^ Laboratories. 
Report of the Dep. of Nat. Hist. By Oliver Marcy. Northwestern 

Univ. 1891. 



Correspondence, 127 

Bui. Scl. Labor, of Denlson Univ., Vol. VI, Part I. By W. G. Tight.' 

Nebraska Flowering Plants, by G. D. Swezey. Doane College, May, 
1891. 
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CORRESPONDENCE. 



Area and Duration of Lake Aqassiz. Your July number contains 
a valuable article by J. B. Tyrrell, in which he criticizes the estimate of 
the area of lake Agassiz, about 110,000 square miles, or more than the 
conbined areas of the great Laurentian lakes, as given in my recent re- 
port published by the Canadian Geological Survey. In reply I wish to 
explain that I have not attributed so great extent to lake Agassiz at any 
one stage of its existence, and to notice briefly how the beaches and 
terminal moraines indicate that this lake during both its earlier and 
later stages covered the greater part, probably three-fourths, of this area. 

The chief argument for this is the observed extent of the higher and 
earlier Herman and Norcross beaches, which have been mapped from 
near Red lake, Minnesota, southward to lake Traverse and thence north- 
ward through North Dakota to Riding and Duck mountains in Man- 
itoba, a distance of about 700 miles (Am. Geologist, vol. vii, pp. 194, 
222). Delta sand deposits, brought into lake Agassiz by the Saskatche- 
wan and referable to the Norcross and lower stages, reach from near 
Prince Albert, on the North Saskatchewan about forty miles west of the 
forks of the North and South branches, through a distance of more than 
a hundred miles eastward to the head of the Seepanock channel and the 
103d meridian (Canadian Pacific Railway Report, 1880, pp. 14, 19). The 
descent of the river in this distance is approximately from 1,250 or 1,300 
to 950 feet ; and the elevation of the west part of the delta is probably 
about 1,350 feet above the sea. As early as the time of the Norcross 
beaches, therefore, the recession of the ice-sheet had permitted the lake 
to extend along the whole front of the Manitoba escarpment, to the lat- 
itude of the north end of lake Winnipeg. The length of the Agassiz at 
that time was 550 miles or more, and I believe that its average width 
was not less than 150 miles, reaching east to the moraine which Mr. 
Tyrrell describes as forming the eastern shores and islands of lake Win- 
nipeg, with a hight of 100 feet on Black island. This moraine would 
then have been deposited in water 600 to 700 feet deep, bordering the 
Ice-margin ; its knolly and irregular accumulations of drift would not 
have been subjected to the levelling action of the lake waves until the 
farther melting of the ice opened avenues of outflow to the Hudson bay 
and reduced the glacial lake nearly to the level of lake Winnipeg; and 
the latest change of the northward outlets may have lowered the water 
surface so rapidly and to such vertical amount that it left no distinct 
marks of erosion or shore lines on the upper portion of the moraine. 
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Before the successive northward outlets began to drain lake Agassis 
below its channel of southward discharge at lakes Traverse and Bigr 
Stone, the border of the let-sheet had been gradually melted back from 
lake Winnipeg to Hudson bay, and its thick central part which occupied 
the basin of Hudson and James bays had so far disappeared as to admit 
the sea there. At a time of halt or readvance, interrupting this re- 
cession, another terminal moraine appears to have been accumulated, 
crossing the Churchill and Nelson rivers, as observed by Dr. Bell (Bul- 
letin, G. S. A., vol. i, pp. 303, 306). If this belonged to the time of the 
Campbell or McCauleyvllle beaches, as seems most probable, the extent of 
the lake during these later stages of southward outflow was even greater 
than I have supposed It to be at the time of the Herman and Norcros^ 
beaches, and the area occupied by lake Agasslz In Its numerous stages 
much exceeded that of ray map and estimate. 

Though lake Agasslz attained vast areal extent. Its duration or ex- 
tent in time was short, as Is shown by the small volume of Its beach de- 
posits and lacustrine sediments In comparison with lakes Bonneville and 
Lahontan and with the amount of post-glacial erosion and deposition on 
the shores of the great lakes tributary to the St. Lawrence and Nelson 
rivers. The geologic suddenness of the final melting of the ice-sheet, 
proved by the brevity of existence of Its attendant glacial lakes, presents 
scarcely less difficulty for explanation of Its causes and climatic con- 
ditions, than the earlier changes from mild or warm preglaclal and In- 
glaclal conditions to prolonged cold and Ice-accumulatlon. 

SomervUU, Masn,, July 7, 1891. Warren Upham. 

To THE Members and Friends of the Corre8pondin<* Geologicai* 
Chapter of the Augasiz Association : This brief report, covering the 
first year of the existence of the C. G. C. A. A. Is published for the benefit 
of Its members, and also for the Information of others who are Interested 
In geological pursuits and to whom the workings of the Chapter are un- 
known. 

The Chapter was organized In February, 1890, v/lth a charter member- 
ship of sixteen. The constitution Is modelled after that of the Gray 
Memorial Botanical Chapter of the A. A. It Is our primary aim to or- 
ganize lovers of natural science throughout the land who are actively 
Interested in gooloj^y or its kindred branches, and to establish a stated 
means of communication whereby each may know what all the others 
are doing. By this means the student or amateur geologist of New 
England comes into corri'Spondence with the workers In the South and 
West, and acquires a more accurate knowledge of these remote regions 
than would otherwise be possible. Ail the machinery of the organiza- 
tion is subservient to this central idea, — the mutual encouragement and 
help of workers in different sections of the country. Each member is 
expected to contribute a report every three months ** giving the result 
of his studies and personal researches in geology, mineralogy, or pale- 
ontology duriuif the previous <iuarter.'' These reports are then circu- 
lated throughout the Chapt<'r, affording each member the opportunity 
to read, comment, and criticise. The experience of a year is abundant 
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evidence that this plan is a most successful means of developing talent 
and enthusiasm in geological v^rork. 

During the year our numbers have increased from sixteen active mem- 
bers to thirty-two active and three honorary members. We have eleven 
active members in New York state, seven in Massachusetts, two in Con- 
necticut, two in Illinois, and one each in Rliode Island, Pennsylvania, 
New Jersey, Maryland, Georgia, Ohio, Iowa, Minnesota, California, and 
Nova Scotia. 

The reports are uniformly excellent, giving evidence usually of a 
strong interest in geological work, and often exhibiting much labor and 
skill on the part of the writer. Over half of the reports are illustratexl 
with drawings or photographs, which always add greatly to the value of 
scientific papers. The range of subjects presented is very wide, as would 
naturally be expected from the variety of regions represented In the 
Chapter. There is no space here to enumerate even a few of the titles 
of reports, but we may say, without any risk of exaggeration, that the 
fruit of our yearns work contains material which is valuable not only to 
the amateur but to the professional geologist as well. Within the year 
eighty-three reports wei'e received as follows : nineteeh in May, twenty- 
two in August, twenty-one in November, and twenty-one in February, 
1891. It will be seen that the increase in number of reports has not 
kept pace with the increasing membership of the Chapter. 

Our plan of work cannot fail to recommend itself to those who are 
practicing the truly scientific method of geological study; and it is to 
such students that we extend a hearty invitation to join us. A few more 
members of the right sort would greatly enhance the efliciency of the 
Chapter. 

Our past experience has suggested a few improvements in our modxiH 
operandi which are being vigorously discussed among the members. 
This is not the proper place for a presentation of such matters ; the 
active interest shown by all in the improvement of the Chapter is a good 
omen and guaranty of greater success in the year to come than in the 
year just past. The following are the oftlcers for 1891 : 

President, Frederick A. Voot, 844 Genessee St., Buffalo, N. Y. 

Oenenil SecreUiry, George F. Perry, Melrose, Mass. 

Tre<i8urerj Miss Isabei^la S. Deanp., 45 Park St,, Bufl'alo, N. Y. 

Executive CouywU, Amadeus W. Grabau, Soc. Nat. Hist. Boston, 
Massachusetts. 

ExectUive CouncUy Fbankun W. Barrows, High School, Buffalo, N. Y. 

All who desire to join the Chapter will please apply to the General 
Secretary. Very truly, 

Buffalo J N. Y., May 20, 1891. Frankijn W. Barrows, 

Retiring President. 

Orange Sand, Lagrange and Appomattox. — The study lately be- 
stowed upon the formations of the southwestern states in connection 
with those of the North, and especially those of the Atlantic slope by 
McGee, seems to render a revision and re-definition of the above names 
desirable. The first two. Orange sand and Lagrange, were first applied 
in 1856, by Safford, to a series of beds in west Tennessee that bear a very 
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close resemblence In general aspect; and In the mere reconnolssance 
then made by Safford of the region, were by him presumed to be of 
identical age. In a subsequent report (1869) Safford recognized the fact 
that a portion of the beds included by him in the above designation be- 
longed to the Cretaceous; and ho accordingly defines the ** Orange Sand 
or Lagrange group '' as being of Tertiary (probably Ek)cene) age. 

Meanwhile I had, in 1856, examined the portion of Mississippi adja- 
cent to the Tennessee line, and in subsequent years up to 1860 the 
remainder of the state. I had found what I presumed to be Safford*s 
Orange sand more widely developed in Mississippi then even in Ten- 
nessee, and found it overlying the latest recognized Tertiary beds — the 
Grand Gulf rocks. Accordingly I adopted Safford's name in my Missis- 
sippi report of 1860, in which the features of the formation are de- 
scribed in considerable detail; and for reasons there given the ** Orange 
sand " is assigned to the early Quaternary. 

The Intervention of the war prevented any early conference between 
Safford and myself en the subject; and it was only in 1869 that I learned 
that Safford assigned his ** Orange sand " and *' Lagrange," as a unit, 
to the Eocene ago. 

During our subsequent correspondence It was developed that lignitif- 
erous beds of unquestionably Eocene age, exposed not far from La- 
grange, Tcnn., were included by Safford within his group. I therefore 
suggested to him that the latter name should be retained for the yellow 
and gray llgnitiferous sands of the Eocene that Immediately overlie the 
"Flatwoods" or "Porter's Creek" beds, which themselves overlie di- 
rectly, and almost conformably, the uppermost Cretaceous. The name 
of '* Orange sand," on the other hand. It was agreed should designate 
the higher series, to which It is peculiarly appropriate. To this agree- 
ment we have since adhered, and have therein been followed by other 
western geologists. 

As stated In my Mississippi report of 1860, I had concluded from the 
descriptions of Tuomey and others, that the Orange sand extended with 
more or less similarity of character at least to South Carolina, and prob- 
ably along the Atlantic coast plain as far north as Washington. 

The excellent work carried out for some years past by McGee, along 
the coastal plain of the Atlantic slope, while restricting somewhat the 
supposed northward extension of the formation, has shed much new 
light upon its general relations and regional modifications; and while 
the identity of the whole Is unquestionable and hence the prior designa- 
tion (Orange sand) should stand in place of the name Appomattox applied 
by McGee to the Atlantic portion of the formation, yet the deviation of 
the former name from the accepted rule of forming such names from 
type Iocaliti<^s, as well as a certain degree of confusion that has oc- 
curred in Its actual use, seems U) render a change advisable. 

At a late conference on the whole subject, participated in by Messrs. 
Mc(fee, Joseph Do Conte, Loughridge and myself, it was suggested that 
In view of the various objections to all the later names, that of ** Lafay- 
ette," which the formation had borne for several years In my early field 
notes (from the type localities in Lafayette county, Miss., where I first 
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diRcriminated It from the Eocene sands), might appropriately be adopted, 
with the assent of Safford, as one of the parties to the former agree- 
ment. This having been secured, it would seem advisable that all unite 
upon the use, hereafter, of **Lafayette" as the equivalent of the 
Oran^ie sand (as understood by Safford and myself) of the southwest, 
and of the ApponutUox as defined by McGee for the Atlantic and south- 
eastern states. Whatever differences of opinion may exist in regard to 
the genesis of the formation^ or the assignment of particular local 
phases, will be more readily discussed and reconciled when a single 
name only is employed by all. E. W. Hiloabd. 

Berkeley, CaL, June 15, 1891, 

The above paper was sent to me previous to publication for examina- 
tion, and, if acceptable, for my approval. Prof. Uilgard has given the 
correct history of the names *' Orange sand '' and '' Lagrange," and, in 
the prospect of harmonizing views all around, thereby facilitating 
the study of the beds concerned, I heartily concur In the conclusion 
reached by him in conference with the gentlemen mentioned above. It 
is pleasant to know that, in important points, a satisfactory under- 
standing now exists. J as. M. Safford. 

NwthvUle, Tenii,, June 22, 1891, 

Rev of Lit 



PERSONAL AND SCIENTIFIC NEWS. 



Mr. Frank L. Nason, Late Assistant Geologist of the New 
Jersey Geological Survey, has been appointed to the position of 
assistant geologist on the Geological Survey of Missouri, and will 
be in charge of the examination of the iron ores of the state. 
Other assignments for the summer work of the latter survey are 
as follows: Prof. Erasmus Haworth has resumed work on the 
crystalline rocks and will also collect material for the preparation 
of a report on the mineralogy and petrography of the state. 
Prof. C. H. Gordon has similarly resumed work in the coal fields, 
and most of his time will be given to the detailed study and map- 
ping of the coal beds of Macon county. Prof. J. E. Todd, of 
Tabor, la. , has been engaged to take up the study of the quart^r- 
nary deposits of the state and to prepare a report tliereon. 

Prop. Mark W. Harrnkjton, professor of astronomy and di- 
rector of the Detroit observatory at Ann Arbor, Mich., was ap- 
pointed by the secretary of agriculture to have charge of the 
* 'Weather Bureau" at Washington, lately transferred from the 
War Department to the Agricultural Department, and assumed 
charge July 1st. 

The Ooden Scientific School is to be a department of Chi- 
cago Universit}'. It is based on a gift by Wm. B. Ogden, first 
mayor of Chicago, latel}' decided by the executors of the Ogden 
estate. The conditions attached by the executors to the gift — 
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which will amount to from three hundred thousand to half a mil- 
lion dollars — are, that the school shall be a separate department 
of the university, and bear the name of the Ogden Scientific 
School, its purpose being to furnish graduate students with the 
best facilities possible for scientific investigation bj' courses of 
lectures and laboratory practice. The income of the money ap- 
propriated is to be devoted to and used for the payment of salaries 
and fellowships, and the maintenance of laboratories in physics, 
chemistr}', biology, geology and astronomy, with the sulxlivisions 
of these departments. A large share of the time of the professors 
in the school is to be given to original investigation, and encour- 
agement of various kinds is to be furnished them to publish the 
results of their investigations, a portion of the funds being set 
apart for the purpose of such publication. Some portion of the 
income is to be set apart for the purchase of books to be placed in 
the special departmental and laboratory libraries of the proposed 
school. 

Prop. P. Martin I)i:ncan', a well known English geologist, es- 
pecially in the study of conils, dieii in May last As was the case 
with many others who have become eminent in geolog}', he began 
life as a physician, practicing medicine for many years. His first 
venture in science was in Botany ; ( Observations on the Pollen- 
tube, 1856). It was no part of his plan to seclude himself from 
the active duties of life while engaged in the stud}- of science. He 
was at the same time mayor of Colchester and curator of the local 
museum in that town which still shows the evidence of a manage- 
ment far ahead of the time when it was arranged. 

Later on Dr. Duncan removed to London, became professor of 
Geolog}' at King's College and Cooper's Hill, (the Kast India Col- 
lege,) secretary* and vice-president of the Geological Society, and in 
1879 president of the geological section of the British Association. 
In 1881 he received the highest honor in the gift of the Geological 
Society, the Wollaston Medal, and at different times served on the 
Council of the Royal Society and presided over the meetings of 
the Microscopical Society. 

Prof. Duncan's chief papers are his <*Fossil Corals," the **Phys- 
ical Geography of Eurojx? during the Mesozoic and Csenozoic 
eras elucidated by their ('oral Faunas," his ** Revision of the 
Madreporaria " and of the ^' Great Groups of the Echinoidea," 
with some later ones on *' Protozoa and Sponges." 
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PRELIMINARY NOTES ON THE TOPOGRAPHY AND 
GEOLOGY OF NORTHERN MEXICO AND SOUTH- 
WEST TEXAS, AND NEW MEXICO. 

By Rob't T. Hill, Au»»tiii, Ti'xas. 

The topographic and geologic features of northern Mexico, and 
the Trans-Pecos region of Texas and New Mexico have been for 
several 3'ear8 a subject of profound interest to the writer, who, 
notwithstanding much study, involving thousands of miles of 
travel, still feels that he can contribute only a few data concern- 
ing this vast region, and that the main facts and details of its 
structure are still unraveled, especiall}' those relating to oro- 
graphic and igneous geology, and he presents the accompanying 
description of a small, but typical portion of the area, with the 
hope that it may ])e of some assistance to those who are more 
competent to discuss as a whole the grander orographic features of 
our continent. 

T have previously shown the salient topographic features of the 
region to consist of: 

1. A series of present and ancient coast plains, consisting of strata of 
Trinity and later age, which covers the eastern half of the state, and 
collectively form what I will call the coastward incline : This embraces 
the coast prairies, the Washington prairies, the Eo-Lignitic or Forest 
region, the black prairie, the Grand prairie, and the two Cross-Timbers. 
The Llano Estacado in some respects may be classified generally with 
this region, but for the present, I prefer to treat it separately. 

2. The central denuded region, including the great rock sheet of the 
Paleozoic and early Mesozoic ( Red beds ) mostly dipping westward, 
which lie unconformably beneath the group of the coastward incline, 
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and are exposed either by the removal of the latter through erosion, or 
1>eing upturned in the two great mountain systems, which limit the 
region — the Ouachita on the north, and the basin ranges of the Trans- 
Pecos region and northern Mexico on the west. 

3. The above mentioned mountain systems, the first of which the 
Ouachita system of Arkansas and Indian Territory is older than the 
plains of the coastal system, and against which they were laid down ; and 
second the Basin mountains which are composed of the uplifted, folded 
and crumpled southward edges of the earlier of these plains ; t. e, 
those founded on rocks of Cretaceous age. 

4. Plains of later age than the mountain foldings which were laid down 
against these newer mountains, and these include the Llano Estacado, 
and the later formations of the coastal series ; and lacustral basins which 
were laid down between the mountains and in valleys of the plains like 
the dry lake beds of the latter region. 

Many of tliese features have been described in previous papers, 
especially those of the eastern half of the Texas region, and in the 
present paper, I wish to contribute a few facts concerning the 
Texas-Mexican extension of tlie Basin region. 

Among the most conspicuous of the basins are the lakes La- 
honton and Bonneville, numerous unnamed basins in Arizona and 
in New Mexico; the Mesilla valle};, the Franklin-Hueco valle}', 
and YA Jornado del Muerto in New Mexico; the valley of the Salt 
Lakes, the Eagle Flats, and the Toyah- Pecos basin in Texas; and 
the basin of Presidio Del Norte, plains of Chihuahua, El Bol- 
ion de Mapimi; the plains of Lago Aqua Verde, Baroteran Bar- 
real del J unco, Yiille llundido, Valle Lal>ago, Cayote and nu- 
merous otliei*s. 

It should be lx)rne in mind that these plains cover numerous 
areas, and occupy most of the region, the mountains being far 
secondary to them in extent and areal importance. 

(JE(K4R.\PH1C EXTENT OF THE BASIN REGION. 

The topography of the whole of the United States, and north- 
ern Mexico, south of the 33° of latitude ])etween the Sierras of 
California, and the Pecos- Lower Kio Grande, may be defined as 
a series of vast plains or ancient base-levels studded at remote 
intervals bv mountain blocks sometimes isolated, sometimes in 
groups or chains. These mountains belong to the style defined 
])y Russell as composed of stratified sedimentary beds which have 
been broken by profound fractures, and upheaved as great moun- 
tain blocks. Surrounding tliese mountain blocks (and composed 
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of their debris ) and extending like a smooth floor from one to 
the other are the plains or basins. 

There is also much igneous material, but this is a secondary 
feature, to be mentioned later, and most cases is in the beds of al- 
most recent lakes, above which the mountains but lately ( in geologic 
times ) projected as islands. This is the true basin structure so 
ably described in fractional portions of its extent in Utah and 
Nevada, by Gilbert, Dutton, Russell, Powell and McGee. In cen- 
tral New Mexico the true Rocky Mountain system ends abruptly' 
against this region, just south of Santa Fe. All mountains north 
of that point are in the basin region. 

The western escarpment of the Llano Kstacado and the Pecos 
river and its continued course in the Rio Grande form approxi- 
mately the eastern border of the basin region in Texas and New 
Mexico, while its southern border extends southward through 
Oomanche and eastern Chihuahua in Mexico to the state of 
Durango. 

The principal mountain blocks of this region are the following: 
In southeastern New Mexico, the Sierra Oscura, the San Andreas, 
the Juccarillo, Sierra Cal)ella, Sierra Florida. Sierra de la Hacheta 
and many unnamed blocks; in Trans-Pecos, Texas, the Orgim 
Franklin chain, the hueras, the Van Home, Carrisos and the Las 
Chisos, Davis mountains, the Chenatis: in northern part of Mexico, 
the Juarez mountains ( near city of Juarez ), Sierra del Carmen, 
Sierra San Vincente, Sierra del Burro, Las Arlx)les, Las CVuces, 
Sierra Encantado, Sierra Carrizalyo, Sierra del Santa Rosa. Sierra 
de Guajes, Sierra Lampazos and many others; the eastern contin- 
nation of the region into Mexico. 

Intimately and closely associate<i with these >)a8ins. is the west- 
ward embayment of the Rio Grande from the coast. This em- 
bayment is marked by the southern escarpment of the Edwards 
division of the Grand Prairie, on the north from San Antonio to 
Del Rio, and by the Santa Rosa and allied mountains in Coahuila, 
and is a great topographic depression, up which all the late Cre- 
taceous and Quaternary formations deflect. It is covered more 
or less to the coast by a detrital deposit of an age proba])ly related 
to the entirely enclosed basins. The northern ( Texan ) boundary 
of this basin is a fault wall — the great Austin-New Braunfels 
fault of my previous papers. 

The southern boundary, in Mexico, is composed of tyi)ieal 
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basin mountains occurring in isolated blocks, a type of which wilt 
now be described in the h?anta Rosa mountains. 

These mountains lie south of the Rio Sabinas and west of the 
Mexican International railwa\', and rise about 3,000 feet above 
the plain. They are composed entirely of blue Cretaceous lime- 
stone of the Comanche series, here metamoqjhosed into the firm 
aspect of the Silurian limestones. 

The Sierra de Santa Rosa are among the first true mountains, 
i. e. mountains produced by dislocated or folded stratification, 
met in northern Mexico. They are the eastern flank of the out- 
liers of the great basin group or system which extends^southwest- 
wai'd through the Trans-Pecos region of New Mexico and Texas 
into northern Mexico, and are the beginning of the great mineral 
district of the latter region. These mountains rise in beautiful 
profile above the plain which surrounds them and extends north 
of them to the Rio Grande, and at a glance they mark the be- 
ginning of an entirely distinct geographic and geologic region 
from the Atlantic coastal region. 

Northeastward of these mountains towards Laredo" and Eagle 
Pass extends the plain or basin, which I have described as the 
Rio Grande embayment which, carved In' erosion into valleys and 
small hills, is a unique geographic feature constituting the drain- 
age l)asins of the Rio Sabinas and Rio Grande and sometimes 
called the San Felipe Coal Basin. 

1. T^ie Mountains. The Sierra Santa Rosa': is an interesting 
piece of mountain architecture, consisting of an elongated mass 
or block of hard rock structure surrounded on every side by level 
plains. They extend northwest for fifty miles west of Baroteran. 
The mountain is alx)ut ten miles wide upon an average, and the main 
axis or ridge is unbroken by passes. Geographically this moun- 
tain always presents three persistent and interesting longitudinal 
divisions, (a) The Sierra Grande or main mountain constituting 
the main central axial mass or backbone of the range standing 
about 1,500 feet al)ove the plain of the basin, (b) The Sierra 
Chiquita or hog backs — a row of sharp angular mountains, which 
lie parallel to and on the north side of the ^Sierra'proper. There 
are some fifteen of these separated from each other by narrow can- 
ons of erosion, and from the Sierra Grande by^an irregular grand 
chasm. These Chiquitas are about 500 feet above .the plain, and 
are the most important of the geographic divisions, economically, 
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in that they and their foot hills (the lomitos) contain the valuable 
mineral deposits, (c) Los Lomitos. Northward and parallel to 
the Chiquitas — just as the Chiquitas are parallel to the Sierra, 
and in the same manner as they subtend the Sierra, is a row of 
low, rounded, grass-clad hills known as Los Lomitos (the little 
hills). These are ver}* small, usually not over 100 feet high, but 
are an important feature of the district. 

2. The Plain. Looking from the mountains north and east- 
ward can be seen an extensive stretch of sub- level country — the 
basin of the Rio Grande and Sabinas — the great coal field of 
northern Mexico. "There are several features of this plain which 
deserve brief mention however; (a) the valley of the Rio Sal)inas, 
which is from 12 to 15 miles north of the mountains, a beautiful 
stream of great volume, which has worn its way down through 
the strata to a distance of about 1,000 feet below the base of the 
mountain, thereb}' exposing the geological structure of the plain. 
Remnantal of this great erosion of the Sabinas are several import- 
ant topographic features; (b) the volcanic mesas, which when 
viewed from the west, resemble an elongated platform or bench 
projecting northward from the base of the Chiquita^s. Its top is 
perfectly level, but the precipice which surrounds it is about 100 
feet high, (c) Near the northern end of this table land are sev- 
eral disconnected flat-top circular hills (buttes) which are rem- 
nant of the former extent of the mesa. 

(d) The Lonuis. At several places in the valley are low hills 
of vellow sands and clavs, the remnants of the vallev of the Sabi- 
nas, which has cut down into the coal measures constituting the 
foundation of the plain, upon which the conglomerate and lava 
have been deposited. To the northwest and across the river these 
lomas (hills) have considerable extent and form a low range of 
elevation alx)Ut 300 feet al)ove the river. 

(e) The Conglomerate Terrace. Near the base of the mount- 
ain, and extending into the vallev from one to four miles is a 
level bench composed of fragments of mountain rock. Wher- 
ever this bench or terrace is eroded, beneath it are found the soils 
used by the agriculturists, irrigatcnl by the streams from the 
mountains. No doubt this formation once covereil most of 
the plain. 

m. OEOLOorc structure of the regiox. 

(a) Th^ main mass of mountain or Sierra Gramle is composed 
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ot massive bine-gray and blue-black 
stratified limestone of great hard- 
ness and durability, tilted at slight 
angles in various directions, and 
void of any marked folds. No 
granitic or volcanic rock is any- 
where exposed in these, and the 
rocksnhich underlie this limestone 
series arc concealed. At least 
4,0Ult feet in thickness of these 
rocks are exi>Osed, and from the 
occurrence of characteristic fossils, 
they are seen to l>elong to the great 
system of rocks in Mexico and 
Texas, known as the Comanche 
serie*. and are of Lower Cretaceous 
and i)rol)able Jurassic age, i, r. . 
older and l>elow the Meek and 
Hayden section of the Xorth Amer- 
ican Cretaceous. This is the same 
system of limestone which com- 
poses many of the mountains of the 
Trans-Pccos region of Texas, and 
the silver- producing mountains of 
Mexico and New Mexico, and 
which occurs in Texas as less un- 
durated chalky strata. These rocks 
were elevated into their present po- 
sition at the close of the Upper 
Cretaceous ]>eriod. and have un- 
dei^one much denudation aud 
erosion by subse<iuent events. 

iHidm. This system of small moun- 
tains, skirting the north flank of 
the main mountain moss, and in 
which the mines are located are a 
part of and composed of the same 
ri>ck as the Sierra Grande or main 
mountain mass, but ditfer from 
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them only in arrangement and greater tilting 
of the strata. They represent the bent and down- 
thrown portion of what is technically known as a 
faulted monoclinal fold as shown in the accom- 
panying figure. This separated them from the 
main mountain mass. 

The strata of the Sierra Chiquita or Hog Backs 
stand almost vertically, dipping 80^ north and 
striking 20° south of east. By erosion the Sierra 
Chiquita which once constituted a continuous 
ridge, have l)ccn separated by canons and given 
their present serrated and isohited individual- 
ity, as shown in the sketcli of the mountain 



range. 



Accompanying the great fault wliich separated 
the Chiquitas from the Sierra Grande, numerous 
fissures, joints and all the fractures were made 
in these smaller mountains at right angles to the 
strike of their stratification and the main fault, 
and into the«e at a subsec(uent period has lx*en in- 
filtrated the mineral and accompanying vein mat- 
ter. By this sub-vertical tilting of the strata of 
the Sierra Chiquita, upward of 5,000 feet of the 
limestone formation are visible in the canons, 
which cross them at right angle to the stratifica- 
tion and in the direction of the veins ( north and 
s<juth appproximately). 

(f ) The Linn i ton or Foot TTHIh. This range of 
small hills which run parallel to the Chiquitas, 
is a product of the same folding which produced 
the latter, but is of a later age and softer strata, 
l)eing composed of a thin laminated calcareous 
shale, of the Upper Cretaceous, which in places is 
very much metamorphosed, having the appearance 
of slate, and so called by the miners. In other 
places they are almost chalky. It is owing to 
this difference in hardness and structure that 
they have yielded more readily to the erosion 
and hence their diminutive size. At the contact 
plane of this formation of the Lomitos an<l 
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that of the harder rocks of the Chiquitas there are often im- 
portant mineral deposits. 

2. The formation of the phi! n. The formation of the valley of 
the Sabinas or plain which extends northward from the Santa 
Rosas is entirely different from that of the mountains, and is 
composed ( a ) of thin, laminated, crumbling, calcareous, arena- 
ceous clays, alternating with strata of thin sand and limestone 
accompanied by numerous coal beds, lignite beds, silicified trees, 
fossil molluscs and occasional bones of animals. This is the 
great coal formation of the Sal)inas and belongs geologicall}* to 
the very latest epoch of the' Upper Cretaceous, or Glauconitic 
Division, and sliould not be confounded with the lignite beds of 
the Tertiary period of the eastern United States, but is allied to 
the coal beds of the Rocky Mountain region as worked in New 
Mexico, Coloriwlo, Wyoming and Utah, and which is one of the 
most valuable and important fuel-producing terranes in the world. 
This coal field is the only one developed in Mexico, and at the 
mines at San Felipe some twenty miles distant, the coal is ob- 
tained for all the railway systems of Mexico, and largely ex- 
ported into the United States. These rocks are sub-horizontal a 
few miles from the mountains, but at their contact with them 
they are uptilted, showing their participation in the uplift, and 
that the age of the mountains is Post Cretaceous. 

Before the erosion which exposed these foundation measures in 
the plain, they were covered by two later and different formations, 
which will next be explained. The whole Rio Grande embay- 
ment is underlaid bv this coal formation which is more fullv dis- 
cussed later. 

(/i) Tin Vtif/ri/ Cimfflomcratv or Tarraves. Forming a terrace 
or bench of the plain for several miles away from the mountains 
and extending up the canons to a certain level, there is a great 
sheet of conglomerate lying horizontally and composed of large 
rounded pebbles of the mountain limestone, cemented, by a cal- 
careous matrix. This conglomerate, ais exposed In' the cutting of 
the arroyos (dry creeks) and canons, is over 100 feet in thick- 
ness and is the shore deposit of the great sheet of water, which 
in late Quaternary times extended over millions of square miles of 
western North America, and which is one of the most remarkable 
features of the continent. 

These terraces of the Santa Rosa have their counterpart on the 
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northern side of the Rio Grande embayment in the great gravel 
debris and estuarine deposits of that region. 

In some of the mines near the contact of this conglomerate 
and the Chiquitas it forms an important element in excavating 
and drifting. 

(f ) The Basaltic or volcanic mesaa. Next to the mountains 
proper the most conspicuous feature of the region is an elongated 
tableland or mesa and a few disconnected buttes, which extend 
northward from the base of the range north of the Chiquitas 
out into the plain. The summit or table of these is 
composed of hard black volcanic material, the remnants 
of a great lava flow which once covertnl much of the plain, 
but most of which has since been destroyed by erosion. 
This lava sheet is not over 100 feet in thickness, and 
extended up to and against the Chiquitas covering the coal fields 
unconformably, and having been a most important factor in pro- 
ducing the mineralogical conditions of the area. By its weight 
and heat the lignites of the Sabinas coal fields were converted 
into the superb coals, and the metallic fillings of the veins and 
fissures are apparently connected with it. Far out into the plain 
towards San Felipe, remnants of this lava flow can be seen, 
although the source from which it came is unknown, for there are 
neither craters, fissures, dikes, intrusions or other vents visiblp in 
the Santa Rosas ( although they have been erroneously reported ) 
and the nearest known to the writer are in Uvalde and adjacent 
counties of Texas 150 miles distant. Whatever mav have 
been the source of this lava there can be little doubt, from the 
occurrence of the valuable minerals only in those Chiquitas 
in its vicinity, that the origin of the minerals is closely con- 
nected with its phenomena in comparatively recent geological 
time. 

The Santa Rosas are surrounded on all sides by this plain, and 
completelj* disconnected from the other mountain blocks seen to 
the northwest and east which are all of the same general type of 
structure, /./'., isolated mountain l)locks surrounded by plains. 
Many of the other ranges have porphyritic and basaltic extrusions, 
but the Santa Rosa proper is merely a remnantal block of the 
Cretaceous rock sheets, broken and faulted. It is the simplest of 
all the mountain blocks of the Basin region, and hence 1 have se- 
lected it for description. 
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ADDITIONAL NOTES ON THE DEVONIAN ROCKS 
OF BUCHANAN COUNTY, IOWA. 

By S. Calvin, Iowa City. 

The present paper is intended as a preliminary notice of some 
ob8er\'ations recently made on the Devonian rocks of Buchanan 
county, Iowa. Tn the final paper on the subject references to the 
literature on the Devonian of this part of Iowa, and due credit 
to those who have previously worked in this field, will be given. 

In a paper published in the Bnlhtin of the United States Geo- 
logical and Geographical Survey of tfic Territories, Vol. IV, 
mimber S, July 29, 1878, pp. 725-730. I referred, under the 
name of The Independence shales, to a member of the Devonian 
series that at that time was supposed to lie at the base of the 
sj'stem in Buchanan count3\ Later observations render it cer- 
tain that the Independence shales do not constitute the lowest 
member of the series, but that they were preceded by brecciated 
limestone of Devonian age. The thickness of this brecciated 
limestone so far as it is developed in Buchanan county, has not 
been ascertained. It is, however, well exposed in the bed of the 
Wapsipinnicon river at Indei)endence. At Troy Mills, in Linn 
countv, al>out a mile from the southern boundarv of Buchanan, 
it is again exposed. It may be seen at a number of intermediate 
points. A very perfect limestone breccia, having an estimated 
thickness of about thirty feet, and belonging probably to the 
same horizon as the brecciated limestones of Buchanan county, 
is exposed in a deep railway cut at Fayette, Iowa. 

So far then as Buchanan county is concerned the exposed strata 
are : 

1. Brerciuttxi lim/'fttone. No fossils have as yet been seen in these beds 
at Independence, but at Troy Mills In Linn county, they contain many 
brachiopods that are characteristic of the lower part of the Iowa 
Devonian. 

2. The Independence nfutleSy composed largely of bluish shales with 
some layers that are black and highly carbonaceous, and containing occa- 
sional pyritized plant stems and fragments of coal. The peculiar fauna 
of these shales and its interesting relation to the fauna of the Rockford 
shales along Lime creek in Floyd and Cerro Gordo counties has been 
discussed in the article above cited. 

3. Oyrocents beds. These are beds of rather hard, compact limestone a 
few feet in thickness and containing numerous specimens of a large 
Gyroccraa with which are associated robust forms of (rypiduln occiden- 
talis Hall, or Pentanierm coniis Owen, of Walcottand some other authors. 
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It may be interesting to state that this same Gyroc^ras and similar robust 
forms of Gypidula occur in the brecciated limestone at Troy Mills. 
About a mile east of Independence the Gyroceras beds may be seen rest- 
ing on the Independence shales. In the old Kilduff quarry, northeast of 
the city, where the shales were explored for coal, the Gyroceras beds 
were penetrated, and the ''petrified snakes" attracted much attention. 

4. Spirifera pennata beds. At Independence these beds are about twen- 
ty-five feet in thickness and consist of light-colored, soft, argillaceous 
limestones. Spirifera penruita Owen, is the characteristic fossil, but 
associated with it are S, bim^&iaiis Hall, Atrypa reticularis Linn, A. aspera 
var. o(4iidentalis Hall var., Cyrtina }uimHto)unsis Hall, Productelln alata 
Hall, Gypidula occidentalis Hall, Orthis ioicensis Hall, Orthis ma^farUtnei 
Meek, Strophodonta demissa Conrad, a large undescribed Choiutes and a 
few other forms. The fossils are almost exclusively brachiopods. The 
Atrypa retic^tUiris is a very finely ribbed variety with a tendency to be- 
come alate at the cardino-lateral angles, and having a form that is de- 
cidedly lenticular, particularly in the young and half grown individuals. 
The Cyrtina hamiltonensis is identical in size and shape with the form 
found in the Hamilton strata of New York and western Ontario. The 
Stropfu>donta demissa is a small, short-hinged, arcuate form, with broad 
flattened ribs. The Spirifera pennata beds are seen in the banks of the 
stream at Otterville, a few miles north of Independence. They are also 
seen on the west side of the river near Quasqueton, ten miles to the 
southeast; at a number of exposures near Troy Mills, eight miles farther 
to the southeast and at intermediate points. Some of the layers in- 
cluded under number 4, are destitute of fossils, but the species enumer- 
ated will be found both above and below the barren layers. 

5. Acercularia profunda beds. At Independence the Spirifera pennata 
beds grade upwards into beds of harder limestone in which brachiopods 
are scarce and corals of a variety of species predominate. Cytdip/tyllnm 
amerieunum Ed. and H. is at first the most abundant. With it, however, 
occurs very sparingly Heliophyllnm halli Ed. and H. There is also a 
Cyathophyllum or two, and eventually large numbers of Acervnlaria 
profunda Hall. Within the limits of the city of Independence the up- 
permost layers usually reach only into the zone of Cystiphyllums, but 
occasionally the upper beds include Acercularia profunda. From a mile 
to a mile and a half east of the city this last species is quite abundant. 
At a quarry near Jesup, about nine miles west of Independence the A. 
profunda beds are well developed, but it is at Littleton, about ten miles 
northwest from Independence, that they are seen in greatest perfection. 
About a mile south of Littleton a " dry run," that becomes quite a tor- 
rent in rainy weather and at other times is a mere dry channel, has cut 
into the A. profunda beds. The matrix here is much softer than at 
Independence and the corals are beautifully weathered out. Along with 
A, profunda occur excellent specimens of Cystiphyllum, Cyat1u>phyllumy 
Zaphrentis, FacoHites, Cladopora^ Civnites^ Sfromatopora and other genera. 
At Independence the corals separate from the matrix with extreme difll- 
culty and satisfactory specimens are rarely obtained. In the banks of 
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the river, just below the mill at Littleton, the Acervularia profunda beds 
rise only a few feet above the level of the water. Farther down the 
stream they are better exposed. 

6. Acerrfihtria davidHoui hed«. These beds lie upon the A. profunda 
beds. The transition from one species of Acervularia to the other is 
very abrupt. There are layers crowded with A, profunda Hall, in the 
lower part of the bank of the river, and two or three feet higher the 
rocli is simply a compacted mass of A. dutidnoni Ed. and H. The two 
species never occupy the same layer, and furthermore the two are here 
as distinct as any two species of the same genus could be by any reason- 
able possibility. In mode of growth, size and depth and essential char- 
acteristics of the calyces of the individual corallites, development of 
the septa, and indeed in all particulars that make up specific distinctions, 
A. profunda Hall, and .4. dand«oni Ed. and H., are at least at Littleton, 
Iowa, specifically far apart. This much is said for the reason that so 
eminent an authority as Rominger regards A. profunda as merely a 
variety of the species A. daridsoni. 

In layers associated with the A. davidsoni beds, though not in the 
same layers with the corals, are found S|)ecimen8 of Spt'rifrra parryann 
Hall. As I have elsewhere observed* the beds that furnish S. parryana 
always lie above those in which >S. pennnfa occurs. This relation is well 
illustrated in the rocks of Buchanan county. Along with A. davidsoni 
occur a number of species of FacnniU'H and one species of Chonophylhnu, 
The same Farosites and Ch^nwphyUum are associated with ^1. daptdsoni 
and S, parryana at Iowa City, in Johnson county, Iowa. The A. david- 
soni beds at Littleton furnish some beautiful examples of PentamereUa 
duhia Hall, a species that occurs at the same horizon near Iowa City. 
Neither Atrypa aspera nor any form of spiniferous Atrypa, is known 
from beds, number 6, either in Buchanan county or elsewhere in Iowa. 
These beds with their A. dacidsoiu\ Favotti'tcH, Spirifcra parryana^ and 
other distinguishing characteristics are well developed along Lime 
creek, near Brandon, in the southeast comer of Buchanan county. 

7. Yelloir nhalc hi'dn. At a considerable distance above the A. david- 
soni beds,, with probablj' some characteristic beds between, occurs a bed 
of yellow colored shales. These shales are exposed well up in the river 
bank below the mill at Littleton. The fauna is peculiar in this respect, 
that nearly all the forms are strangely modified. Atrypa reticularis Linn, 
is very coarsely ribbed, with the ventral valve flat or concave and the 
dorsal valve excessively gibbous, contrasting strongly with the form from 
the Spirifera pennata beds. Strophodonta deuuHna Con., is large, the 
hinge line often exceeding two inches, and the width of the shell fre- 
quently more than twice the length. Cyrtina hamilton^UHiH Hall, is a 
diminutive affair having, on an average, less than one-fourth the normal 
dimensions. A Spirifer which may be a modified S, parryana^ but de- 
serving to rank as a distinct species, has the hinge area much narrower 

*Xotf9 on thf Synonymy^ Character* and Distribution of Spirifcra parryana Hall. 
Bnllftin from the Laboratories of Xafuraf History of thf State Unirersity of Iowa. 
Vol. I. Xo. 1, p. 25 et »cq. 
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than in 5. purrymut, and the mesial fold divided by a deep groove. These 
beds also furnish a Terebratula that may be representative of T. ioicemU 
Calvin, found in association with S. parryann near Fayette, Iowa. An 
Orthis related to 0. iotcensis Hall,^ small, undetermined Rhynchonella 
and numerous stems of Striatopora, complete so far as observed the 
fauna of beds, number 7. 

In acidition to the seven beds here recognized the Devonian of 
Buchanan county embraces beds containing Renssdaria johanni 
Hall and Whitfield, but the relation of the Rensselaria beds to 
the beds al>ove described has not been definitely ascertained. 
Rocks with Rensselaria are in place at Fairbanks above Littleton, 
and some detached fragments containing this genus were found 
at Littleton and at Jesup. 

The fossils found in numbers 5, <>, and 7 resemble very closely 
the assemblage of species cited by Messrs. Hall and Whitfield in 
the twenty-third report on the state cabinet of New York, p. 224, 
as occurring at Waterloo, Iowa. The Spirifer from the shale beds, 
number 7, sometimes resembles very closely S. oiccnl and again 
it is not unlike certain forms of S. manui. In the paper cited, 
p. 225, Hall and Whitfield infer that the Waterloo beils are more 
nearly related to the Upper Ilelderberg limestones of New York, 
while the Independence beds that contain Spiri/vrn prNuata may 
in their judgment be the representative of the New York Hamil- 
ton. The observations set forth in this paper clearl}' demonstrate 
that the coral bearing beds at Waterloo are younger than the 
Spirifera pennata beds at Independence. 
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The Party and the Outfit for the Greenland Journey, By R. E. Peary. 
Ibid., pp. 256-265. 

Many questions concerning tlie glacial drift and the Pleistocene 
ice-sheets of North America and Europe have recently received 
much illumination, with promise of more in the near future, from' 
contributions to our knowledge of the ice covering the interior of 
Greenland. Wherever that country has been explored, the edge 
of an ice-sheet is reached within distances varying from a few 
miles to fifty or rarely a hundred miles back from the coast; and 
the icebergs of the North Atlantic are supplied by the glaciers 
which descend from this inland ice to the heads of the long and 
narrow, deep fjords, and in part by tracts of the broad ice-sheet 
itself where it extends quite to the outer coast line and terminates 
in the open sea. Pear}' estimates the area of Greenland to be 
alx)ut 750,000 square miles, of which he believes that four-fifths 
or about 600,000 square miles are thus ice-enveloped. The Ant- 
arctic ice-sheet, however, surrounding the south pole, is nearly 
ten times larger than this ; and in the Pleistocene period both the* 
North American and European ice-sheets occupied areas more exten- 
sive than the inland ice of Greenland, though less than the 
southern i>olar ice-cap. 

Comparing the existing with the ancient ice-sheets, the low 
borders of the Antarctic lands, covered with a vast expanse of 
ice which stretches far into the sea and is broken off in tabular 
or broad and flat bergs, may be supposed to represent nearly the 
Pleistocene ice- front as it was pushed into the Atlantic on one 
side from southern Norwav. from the basin of the North sea, 
from Scotland, the Hebrides, and Ireland, and, on the other side, 
from Newfoundland, Nova Scotia, and the eastern shore of New 
England. But the mountainous borders of Greenland, discharg- 
ing icebergs of every irregular shape from its fjords and from 
portions of the ice-sheet that here and there reach to the ocean, 
seem to fall short of the grandeur of all the seaward limits of the 
old ice-sheets, though most nearly resembling their development 
on the rugged shores of northern Norway, of northern Labrador, 
and of British Columbia, where the ice flowed through gaps of 
the mountains forming these coasts and their islands and termi- 
nated beyond the present seaboard. 
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Professor Wright's chapter, *'The Glaciers of Greenland." 
well reviews the earl}' explorations, previous to Peary, including 
the journey's and writings of NordenskiiUd, Jensen, Helland. 
Kink, Kane, Hayes, Whymper, and others. The most inn>ortant 
of these journeys were V)y Nordenskii^ld, in 1870 and again in 
1883, the former being reported in the Geological Magazine, vol. 
ix, 1872, and the latter in Science, vol. ii, Dec. 7, 188H. Dis- 
tances, however, were much overestimated in these reports, and 
appear to be more reliably given by Nansen in his chapter de- 
scribing the explorations of the inland ice previous to his own 
memorable crossing of Greenland. 

NordenskilUd's journey in July, 1870, to the east fn)ra the 
head of Aulatsivik fjord, near lat. 08° 20', is estimated to have 
extended about 35 miles upon the ice-sheet, and the altitude 
reached was 2,200 feet. Large streams on the ice-surface were 
encountered, ^* which could not be crossed without a bridge." 
Beyond the point of turning back, ''the inland ice continued 
constantly to rise towards the interior, so that the horizon towards 
the east, north, and south, was terminated l)y an ice-l)order 
almost as smooth as that of the ocean. ' A fine, gray powder, 
called *'cr}'oconite,'' which was believed by Nordenskinld to be 
cosmic dust, was found on the ice; but analyses indicate that 
this is dust blown from the mountains of the coast, and it 
does not occur in noticeable amount, according to Nansen, on the 
eastern portion of the ice-sheet where his ascent was made \\\^\\ 
ice lx)rdered by only little bare land. 

From nearly the same starting point, Nordenskii^ld in July, 
1883, went onto the ice-sheet al)out73 miles, to a height of al)out 
4,950 feet; and two Lapps, travelling with the peculiar snowshoes 
called **ski,'* advanced a probable distance of 45 or 50 miles 
farther, where the barometers indicated a height of 0,380 feet. 
Land in the interJbr, free of ice and bearing vegetation, which 
Nordenskittld hoped to reach, was not found; and no nunatak, or 
projecting top of hill or mountain, above the ice-surface has been 
yet discovered more than forty or fifty miles inside the ice-cov- 
ered area. 

Rol>ert E. Peary, in June and July, 1880, accompanied by 
Christian Maigaard, made the next imjiortant exploration of the 
inland ice, going east from the head of Pakitsok fjord on the 
northeast part of Disco bay, in lat. 09° 30'. These explorers 
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jidvanced to a distance of al)out 1 00 miles from the edge of the 
ice, attaining an altitude of about 7,500 feet. Describing the 
first ten miles of the ice, Peary writes: — '^In detail, the surface 
was, as a rule, roughly granular in texture, affording firm, sure 
footing, interrupted here and there by crevasses, some open and 
some covered with a snow arch by patches of soft, deep snow 
in the depressions between the hummocks, and by patches of 
hani ice cut by nearly parallel furrows, as if made by a huge 
plough." The camp at the end of their advance was in a shallow 
basin of the nevi of snow which covers all the inner portion of 
the ice-sheet, there having, to use Peary's words, '• the consist- 
ency' of fine granulated sugar as far down as I could force my 
alpenstock ( some six feet ). *' 

The margin and the interior of the ice-sheet are characterized 
by Peary as follows : 

Wherever the ice projects down a valley in a long tongue or stream^ 
the edges contract and shrink away from the warmer rocks on each side, 
leaving a deep canon between, usually occupied by a glacier stream. 
* * * * Higher up, along the unbroken portions of the dam \i, e, 
enclosing mountains] where the rocks have a southern exposure or rise 
much above the ice, there is apt to be a deep canon between the ice and 
the rocks; the ice-face sometimes 60 feet high, pure, pale-green, and 
flinty. In another place the ice-face may be so striated and discolored 
as to be a precise counterpart of the rock opposite, looking as if torn 
from it by some convulsion. The bottom of the canon is almost invari- 
ably occupied by water. * * * * Still farther up, at the very crest 
of the dam, the ice lies smoothly against the rocks. 

As to the features of the interior beyond the coast-line, the surface of 
the " ice-blink ^' near the margin is a succession of rounded hummocks, 
steepest and highest on their landward sides, which are -sometimes pre- 
cipitous. Farther in, these hummocks merge into long flat swells, 
which in turn decrease in height towards the interior, until at last a flat, 
gently rising plain is reached, which doubtless becomes ultimately 
level. 

In concluding the narrative of this journey, after describing 
the needful outfit, Poary remarked: — -'To a small party thus 
equipped, and possessed of the right mettle, the deep, dry, un- 
changing snow of the interior * * * is an imperial highway, 
over which a direct course can be taken to the east coast." It is 
also suggested that the unexplored northern shore lines of Green- 
land may be most readily mapped by expeditions across the high 
inland ice. 



Thif Jct' Sheet of Greenland. — Upharu, 149 

Two 3'ear8 later, in August and September, 1888, Dr. Fridtjof 
Nansen, with five companions, crossed this ice-sheet from east to 
west between lat. 64° 10' and 64° 45'. The width of the ice 
there is about 275 miles, extending into the ocean on the east, 
but terminating on the west about 14 miles from the head of 
Ameralik fjord and 70 miles from the outer coast line. For the 
first 15 miles in the ascent from the east, rising to the altitude of 
1,000 meters, or 3,280 feet, the average gradient was nearly 
220 feet per mile. In the next 35 miles an altitude of 2,000 
meters, or 6, 560 feet, was reached ; and the average gradient in 
this distance, between 15 and 50 miles fn>m the margin of the 
ice, was thus about 94 feet per mile, or a slope very slightly 
exceeding one degree. The highest part of the ice-sheet, about 
112 miles from the point of starting, was found to have an alti- 
tude of 2,718 meters, or about 8,920 feet. Its ascending slope, 
therefore, in the distance from 50 to 112 miles was alx^ut 38 feet 
per mile. Thence descending westward, the gradients are less 
steep, averaging about 25 feet per mile for nearly 100 miles to 
the altitude of 2,000 meters, about 63 feet per mile for the next 
52 miles of distance and 1,000 meters of descent, and alx)ut 125 
feet per mile for the lower western l)order of the ice. 

The narrative of this expedition is most admirably told by Dr. 
Xansen in two well illustrated volumes, entitled ''The First 
Crossing of Greenland." The scientific results attained are pre- 
sented in an appendix of the second volume, from which the fol. 
losing extracts are quoted : 

As to the superficial aspect of the inland ice, I may say, in the first 
place, that of crevasses we found a surprisingly small number in the 
course of our journey. On the east side they occurred only in the first 
seven or eight miles; on the west side we came across the first fissure at 
some twenty-five miles from the margin of the ice. In the interior 
there was no trace of them. 

Of surface rivers we found practically none. Some may be inclined 
to think that this was due to the lateness of the season, though this 
objection has little force, seeing that the middle of August, when we were 
on the east side, is not late in the season as far as regards the melting of 
the snow, and furthermore, that even if the rivers had disappeared 
themselves on the west coast, we should have seen traces of their chan- 
nels. None such did we see in the interior at all, and the first we 
observed were not more than fifteen or twenty miles distant from the 
western edge. It is possible, also, that there were minor brooks on the 
surface in the first ten miles from the eastern side. Except for these 
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small water-courses near the two coasts, I may say positively that there 
are no rivers at any time of the year on that part of the inland ice over 
which we passed. 

* * * At no great distance from the east coast the surface of dry 
snow begins, on which the sun has no other effect than to form a thin 
crust of ice. The whole of the surface of the interior is precisely the 
same. * * 

Of moraine d(^'bris or erratic blocks we met with none upon the Ice 
with the exception of the last little slope when we left it for good on 
the western side, or no more than a hundred yards from the extreme 
edge. * * *' 

* * * Some of the temperatures which we experienced were far 
lower than the established meteorological laws could have led us to 
expect. * * * » The temperature on certain nights, September 12 
and 14, probably fell, according to the calculations of Professor Mohn, 
to — 45^ Cent. (—49*^ Fahr.), while the mean temperature of certain days, 
September 11-16, when we were about in the middle of the country, or 
a little to the west of the highest ridge, varied from — 30*^ Cent, to-— 84** 
Cent. (— 22*> to— 29® Fahr.). This is at least 20*^ Cent. ( 36*> Fahr.) lower 
than anyone would have been justified in expecting, if he had based his 
calculations on accepted laws, taking for his data elevation above and 
distance from the sea, as well as the mean temperature of the neighbor- 
ing coasts. 

* * * In the forty days which we spent on the ice there were six- 
teen of either snow or rain. On four days only did we have rain, when 
we were weather-bound in the tent near the east coast, and on one day 
near the west coast we had hall; on the rest it was always snow, which 
In the Interior took the form of fine * frost snow,' or needles of ice. This 
fell almost daily out of a half-transparent mist, through which we could 
often see the sun, together with halos and mock-suns. 

Though the ice-sheet of Greenland has formerly been more 
extended and deeper than now. as is shown by glaciation of the 
rock surface higli up on the sides of the fjords, it has proljably 
during several centuries In^en on the increase. There can be little 
doubt that the climate at present is prevailingly colder than dur- 
ing the pi*osperous period of the Norse colonies between 900 and 
500 years ago. By its increasing accumulation, therefore, we 
may account for the contrast l)etween the (xreenland ice, which 
has so little euglacial and supei^lacial drift, even near its edge, 
and the partially drift-lmrieil Mahispina glacier at the foot of the 
Mt. St. Elias nmge (Am. (tKoi,o<3Ist. vol. vii. pp. 38. 141); for 
there, acoonling to Russell, the ice has probably l>een on the 
wane during the past 500 or 1.000 years and at prt»sent is some- 
what rapidly reoeiiing. 

Neither Pearv nor Nansen is willing to n»st on laurels already 
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won. On June 6th of tUis year, with five young men and his 
wife to share the perils of this expedition, Peary sailed from New- 
York for Whale sound, western Greenland. After advancing to 
the Humboldt glacier and establishing a depot of supplies there, 
his plan is to return and spend the winter at Whale sound, in the 
vicinity of friendly Eskimos. In the summer of 1892, he will 
set out with sledges and dogs toward the northeast upon the 
inland ice. Portions of the supplies will be left on the route 
northward at Petermann fjord and the Sherard Osborn and Meigs 
fjords, and thence the party will push forward, as is hoped, to 
the extreme northern point of Greenland, an estimated total dis- 
tance of about 600 miles from the Humboldt glacier. Peary 
expects to accomplish this journe>' and the return within ten 
weeks, travelling fifteen to twent}' miles per day; and he hopes 
to reach Whale sound again in season for passage home on some 
whaler before winter. 

Nansen's plan for an Arctic voyage of perhaps five years, 
starting early in 1892, is explained by himself in The Forum 
(August, 1891, pp. 693-709, with map. — followed by an unhesi- 
tatingly adverse criticism, by Gen. A. W. Greely, pp. 710-716). 
With a crew of ten or twelve, Nansen proposes to sail through 
Bering strait and thence northwestward nearly in the course of 
the ill-fated ' ' Jeannette, " until the marine current is reached by 
which drift-wood from Siberian rivei*s is l)orne awav to be stranded 

ft 

in Greenland, and by which also an ice-floe, with relics of the 
Jeannette expedition upon it. was carried in three years by some 
passage across the polar ocean to the southwest coast of Green- 
land near Julianshaab. Taking this current, with the ship frozen 
in the floe-ice during winter, Nansen hopes to drift l>y the near 
neighborhood of the pole and southward along the east coast of 
Greenland; for the floe mentioned, bearing articles from the 
Jeannette, is believed to have passed around Cape Farewell. If 
the ship should be lost, the party will encamp on the floe-ice with 
their provisions and boats, and will expect thus to reach per- 
chance some inhabited portion of the (rreenland coast. 

Both these expeditions are to be led ])y young men, whose 
enthusiasm is heightened by their previous success in similar 
tasks; and the experience thus acquired will all be needed for 
these enterprises of so much greater difficulty and danger. In 
wishing to them each *• Bon voyage! " we cannot do otherwise 
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than admire their splendid courage and devotion to science; but 
at the same time we cannot fail to remember the proverb, 
** There's many a slip 'twixt the cup and the lip,'* for no other 
conditions could more suggest it than the slippery, crevassed ice- 
sheet, and pinching, crushing ice-floes of great thickness and 
piled together, driven capriciously b}' winds and sea currents. 



AN EPISODE IN THE PAL/EOZOIC HISTORY OF 

PENNSYLVANIA. 

E. W. Claypolk. Akrou, O. 

In an article printed in The Geologist for the mouth of April, 
1890, the writer sketched the palseozoic history of Pennsylvania. 
The sketch was the merest outline. Superficial it could not but 
be, for our knowledge of the subject at present warrants no more* 
ambitious attempt. All details were omitted, indeed few are^ 
known. Whole chapters of geological history will one day be 
written on these as they gradually come to light, but at present a 
dense darkness hangs over the field allowing but a dim view of the 
most prominent features of the landscape. 

One of these details, forming a single episode in the palaeozoic 
history of the Keystone State, will be the burden of this paper — 
an episode that may help us to realize the immense length of 
palseozoic time and the complexity of palaeozoic history. 

Among the Devonian strata that are conspicuous for their ex- 
tent, thickness and fossil treasures, is the Hamilton group^ so 
named by Prof. Hall. This group, as known in western New 
York, is for the most part a mass of shales enclosing a thin bed of 
limestone — the Encrinal limestone — and capped by another thia 
bed — the Tally limestone. It is thus arranged : 

4. Tully limestone. 

3. Moscow shales. 

2. Encrinal limestone. 

1. Blue shale. 

This is the original and typical section of the Hamilton group. 
But from this it vai'ies even within the limits of the state of New 
York. Eastwardly it contains a thin bed of sandstone from which 
the excellent flagging quarried on the Hudson near Kingston, etc. , 
is taken, and still farther east in Maine and New Brunswick the- 
shale gives place almost entirel}' to- sandstone. 
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A similar departure from the type occurs in middle Pennsyl- 
vania. There, in Perry count}' for example, the Hamilton com- 
prises a lower shale followed by a massive sandstone on which lies 
an upper shale closely resembling the lower in texture, material 
and general appearance. No limestone is present. 

The section therefore in detail is as follows : 

Hamilton upper shale 250 feet 

** sandstone 800 ** 

** lower shale 450 *' 

« 

1,500 " 

The intercalation of this enormous mass of hard sandstone in 
the Hamilton group gives it a strange aspect to one onh' accus- 
tomed to see it as it appears in New York. As may be inferred it 
<;hangcs the character of the surface where it crops out from a 
gentle rolling rounded contour to one, rough, wild and wooded 
and generally incapable of cultivation. 

This sandstone prevails over several counties but reaches its 
maximum thickness in Perry Co. , where it is thus described in the 
writer's report (F2 of the Geological Survey* of Pennsylvania). 

**The Hamilton sandstone is one of the most remarkable formations 
of Perry county. Lying in the midst of a vast mass of shale it has the 
appearance of being out of place to tlie ideologist accustomed to look on 
the Hamilton as essentially a soft group. 

'*It forms numerous mountains in the county, Turkey ridge, Buffalo 
ridge, Mahanoy ridge, Dick's hill with its continuation. Rock hill, also 
Pisgah hill and Little mpuntain are all formed by outcrops of this sand- 
stone. Some of these are high, rough and untillable ; others are com- 
paratively smooth and accessible. Tliis difference is due to two causes 
— the hardness and the dip of the sandstone. Tlie proportion of sand 
also rapidly diminishes to the north and west especially in the middle 
•of the bed, diminishing the steepness and roughness of tiie ridges. 

*'At its southeastern exposure near Marysville this sandstone attains its 
greatest thickness and hardness — a tiiiclcness amounting to 800 feet. 
From this point it gradually thins away, tiie upper and lower beds per- 
sisting farthest and the intermediate shale becoming constantly tliicker 
uirtil at length it becomes two distinct sandstones with an intervening 
bed of softer material. This change may be detected in Perry county. 
At Montebello Narrows the Little Juniata has cut its way tlirough the 
lower beds and has then flowed for nearly half a mile parallel to the 
ridge and between the two sandstones, at length crossing the upper and 
thus producing a zigzag channel. But outside the limits of the county 
the change becomes more manifest. At and near Huniingdon the two 
sand layers may be distinctly traced only a few yards thick, the upper 
being the heavier. The great mass of the bed has become shaly. This 
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Is only 60 miles from its point of greatest development on the Susque- 
hana. 

'*The Hamilton sandstone is therefore a mass of coarse siliceous mate- 
rial intercalated near the middle of the group and spreading fanwise as 
from a center near Marysville, dying away and at length disappearing 
as it receded from the point." (p. 57.) 

This will give a general description of the structure and mass of 

the Hamilton sandstone. The following is from Prof. I. C. White's 

report of Huntingdon county, and shows how the stratum occurs 

there. T, p. 105. 

Hamilton upper shale 250 feet 

** upper sandstone 30 ** 

middle shale 225 ** 

*' lower sandstone (hard) 50 ** 

. ** lower shale 75 ** 

Thus we see that the massive Hamilton sandstone of Perry Co. , 
SOO feet in thickness, has in Huntingdon Co. dwindled down to 
two comparatively insignificant sheets of 50 and 75 feet thick re- 
spectively and separated b}' 225 feet of shale. 

The same type of structure is shown in Northumberland and ad- 
joining counties as we find from Prof. White's report (G^ p. 77, 
etc. ) He says in speaking of the country' east of the eastern 
branch of the Susquehaua : 

**Thetypeof the Hamilton series is remarkably similar to the cor- 
responding beds in western New York' both in lithology and in the ac- 
companying fossils." 

Again he writes : "The middle type of the Hamilton comes in after 
passing south from the Northumberland synclinal and may be found on 
both sides of the Selinsgrove arch which crosses the river about live 
miles below Sunbury. The section on the south side of that axis exhibits 
a structure for the Hamilton quite different from that shown in Columbia 
county." 

Olive-brown shales 450 feet 

Selinsgrove upper sandstone 202 " 

Dark olive shales 125 *' 

Selinsgrove lower sandstone 5 ** 

Brown and dark shales 800 ** 

Again Prof. White writes : "The southern type of the Hamilton beds 
is reached after passing south of the Georgetown axis near the southern 
border of Northumberland there being a progressive coarsening of the 
series in that direction from the locality of the last section near Selins- 
grove." 

Selinsgrove upper sandstone 100 feet 

Olive-brown shales 300 '* 

Selinsgrove lower sandstone 50 '* 
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Prof. White adds : '*The Seliusgrovo upper sandstone is one of those 
intercalated beds which here makes its appearance in the middle of the 
Hamilton group and is so thick and massive as to change entirely the 
character of the topography, for instead of a wide level valley as in 
the north, it is now found making a high ridge along the strike of this 
sandstone. There is not an inch of this sandstone represented in the 
bed on Fishing creek. (Fishing creek drains nearly all of Columbia 
Co. north of the Susquehana and is therefore to the northeast of North- 
umberland Co.)" 

Again we find in Mr. Piatt's report on Blair Co. the following 
evidence. (T, p. 81) : 

** In Blair Co. the whole of the Hamilton formation is composed of 
dark shale with calcareous layers." 

And further Prof. Lesley adds a note in the report of Rye 
township (F, p. 310) to this effect : 

*'The outcrop of the Hamilton sandstone crosses the Sustiuehanna 
river eastward from Perry Co., and runs through Dauphin, Lebanon and 
Schuylkill counties,'* that is northeastward. 

It thus appears that the Hamilton sandstone gradually thins 
away from a point near or on the south line of Perry Co. , to the 
northeast, north and northwest, in which directions alone it can be 
traced. In thus thinning out it splits and becomes a lower and 
an upper sheet of which the latter is the more persistent, extending 
even into Northumberland, while both underlie much of Hunting- 
don Co. Its color is usuall}^ gray or whitish, seldom yellow and 
never red, and it is usually not very haril. It is not conglomeratic. 

At the south line of Perry Co. it stands vertical and is even 
somewhat overthrown as may be seen upon the Susquehanna a few- 
miles north of Harrisburg. When this is the case it forms very 
rough and almost mountain territory. Its southernmost outcrop 
is known as Little mountain and is cut by the Pennsylvania Kail- 
way near the bridge across the Susquehanna at Rockville. 

How much farther it ma}- have extended to the southeast is of 
course unknown. The contortion and erosion which the country 
has suffered since its deposition have utterly destroyed all trace of 
it. Moreover along the line of its last southern outcrop in Little 
mountain lies apparently the edge of a great overthrust plain which 
has brought the Onondaga red shale against the Hamilton sand- 
stone, cutting out, that is covering up, the intervening strata 
though a thousand feet in thickness. These only reappear to the 
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eastward near the Labanon Co. line after a concealment of 20 miles. 

So large a semilenticular mass of sandstone intercalated in a 
group of soft strata must have had some local cause and in seeking 
this we may be aided by recalling the geography of Pennsylvania 
at the time under consideration. 

In the early Devonian era the interior states, generally speaking, 
consisted of an open ocean extending from the Atlantic land on 
the east in what is now eastern Pennsylvania to an unknown dis- 
tance westward and limited to the northward by the Archaean High- 
lands of Canada. In this palseozoic ocean a gentle elevation was 
taking place along a line from northeast to southwest through 
Ohio, whereby- what is now known as the Cincinnati ridge or arch 
was brought into existence. Ultimately, and probably before tlie 
Devonian era closed, this ridge partly severed the eastern portion 
of this ocean from the rest and formed the Appalachian strait or 
gulf. The continued subsidence of this strait or gulf allowed the 
deposition in it of sediment from the adjoining land on the east 
but the nature of the sediment on the area now in question would 
indicate by its fineness, being mostly sandy shale, that the land 
was not very near, or if near not very high. The latter is more 
probable. Such deposits do not indicate shallow water or strong 
currents. The actual margin of the Appalachian gulf or strait 
has apparently been destro^'ed by the corrugation and erosion that 
have ensued, so that the present Hamilton deposits are those which 
were dieposited off shore, but neither in deep water nor on the 
border of the land. 

But so great and sudden a change in the nature of the strata 
implies some great and con-esponding change in the physical 
geography and especialh' in the attitude of the land — a change 
that would allow the Hamilton sea to assort and arrange coarse 
sand where it had previously deposited only fine shale. 

The an*angement of this sand appears to indicate a center of 
distribution from which it was spread over the whole area that it 
now occupies and it seems a not improbable supposition that this 
centre was the mouth of some large river which bore into the Ap- 
palachian sea its tribute of sand and mud. The former was as- 
sorted and distributed over the region around the river-mouth, and 
the latter carried out to a greater distance where it ultimately' be- 
came a bed of shale. That the ancient Atlantic land was drained 
by a system of streams goes without saying, and it may be that 
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we here eatdi a glimpse of one of them, or at least of the place 
where it entered the sea. 

In making this supposition to explain the occurrence of the 
Hamilton sandstone, it is not at all necessary to assume that this 
ancient river came into existence at that epoch and then passed 
out of being. Far from it The river may have existed ages be- 
fore that day and may have continued to flow long after the Ham- 
ilton era passed away. All that is necessar}' is to suppose an ac- 
cession to its carrying power. And this is not diflacult. The 
palaeozoic geology of the eastern states indicates beyond ail doubt 
constant and great oscillation of the land and the seabed. Inter- 
mittent depression to immense extent caused the accumulation of 
the massive seiiiment of that era. Such accumulation likewise in- 
directl}' proves elevation of the land, for had not this taken place 
the whole area must have been eroded and removed. It is less 
easy to detect elevation of the land tlian depression of the sea 
bottom, because the former leaves no direct evidence of its occur- 
rence. But if the Hamilton sandstone is in truth the monument 
of some old and extinct river, it reconls a time when through ele- 
vation of the coast the eroding and carrying power <rf that river 
were largely increaseil so as to form the Hamilton lower sand- 
stone. Next it indicates a time when probably by the work of 
the river, but possibly bj' ensuing subsidence, the current was 
again slowed down and the sand dropped near shore, its quantity 
being also diminished. Thirdly', it reveals another sharpening of 
the stream by a second elevation whereb}' it was enabled to erode 
from the land and scatter over the ocean bed the Hamilton upper 
sandstone thicker than the lower. Lastly, the action of the river 
desti-oyed its own velocity by eroding its channel or a second sub- 
sidence ensued with the same effect. 

All these episodes are to be read with great probabilit}' in the 
Hamilton sandstone, and if our argument is well founded we gain 
a peep at one of the changes of which the palaeozoic era was made 
up. 

Possibly though this is little more than a supposition ; the ab- 
sence of lime from the Devonian formation through this part of 
Pennsylvania ma}- be an indication in the same direction. The 
beds show a preponderance of the earth}' and mechanical over the 
chemical deposits such as is usual near the mouth of a river when> 
the wash from the land predominates over all other materials. 
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The fauna of the Hamilton in middle Pennsylvania contains the 

following species : 

Bnichiopoda, 

Spirifera ziczac Hall. Strophodonta perplaua Con. 

'' mucronata Hall. Strophomena rhomboidalis Wahl. 

** mcdlalis Hall. Orthis penelope Hall. 

" acuminata Hall. Chonetes setigerus Hall. 

" granulifera Hall. ** coronatus Con. 

Rhynchonella horsfordi Hall. Tropidoleptus carlnatus Hall. 

*' congregata Conrad. Atrypa reticularis L. 

Rensselieria sp. 
Ptcropoda, 
Tcntaculites attcnuatus Hall. 

Lamcllihranchlatft, 
Glyptodcsma rectum Con. Actinodesma subrectum Whit. 

Aviculopecten princeps Con. 

OitMteroiwiht. 
Loxonema dolphicola Hall. 

Echlnodcmintn. 
Ancyrocrlnus bulbosus Hall. 

Cepluihjpoda. 
Nautilus liratus Hall. 

Cru8Uicc4t. 
Phacops rSna Green. Homalonotus delphinocephalus Green. 

VertcbniUt, 
Coccosteus ? 

Most of these fossils are forms which would be naturally looked 
for by the palaeontologist in a middle Devonian formation. They 
characterize the Hamilton group of Pennsylvania and adjoining 
states. But there are one or two on the list which are less famil- 
iar on this horizon and require a moment's notice. 

Renssclicria is one of those genera whose existence, even in- 
cluding its allied forms, Amphigenia and Newberria, is, so far as 
yet known, confined between the limits of the Lower Helderberg 
below and the Corniferous limestone above. Renssehrria was es- 
tablished in 1859 by Prof. Hall to receive a number of peculiar 
shells of the type of R. ovoides. In 1867 one of these was re- 
moved by the author of the genus and made the type of the new 
genus Amphigenia. The range of these was as follows : 

Corniferous limestone Amphigenia elongata. 

Ilensselicria johanni. 
Schoharie grit Amphigenia elongata. 

Orisl<any sandstone Amphigenia curta. 

Rensselieria condoni. 
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K. cumborlandiae. 
R. intermedia. 
R. marylandica. 
R. ovalis. 
R. ovoides. 
R. suessana. 
Lower Helderberg R. aequiradlata. 

R. elliptica. 
R. laevis Hall. 
R. mutabitis. 
R. portlandica. 

Prof. Hall has recently taken his R. johannl from its old posi- 
tion and has made it the type of a new genus Newberria, charac- 
terized by the slightness or absence of external radial striation of 
the two strong dental plates, and the thick hinge plate and inter- 
nal loop of Rensselcerxa. To this new genus is also referred the 
R, Icevis of Meek which is reported by Whiteaves from several 
places in the Mackenzie River district.* 

When the writer, at the meeting of the Am. Ass. for the Adv, 
of Science at Minneapolis, in 1883, announced his discovery of 
these fossils in the Hamilton sandstone, he spoke of the difficult}^ 
which he had felt in separating them from some of Prof. Hall's 
species, such as R. maiylandica and K. johanni. He was not 
willing in this state of uncertainty to coin a new name and left the 
matter in doubt. These fossils are now in the hands of Prof. 
Hall for description and the difficulty will doubtless be cleared up. 
It may ver}' probably prove that they will also belong to the new 
genus Newberria from their close resemblance to R. johanni. 
Whether this should prove to be the case or not, they will at any 
rate carry this t^-pe of shell up from the Corniferous limestone to 
the middle of the Hamilton. 

The last name on the list also calls for a short notice. It is a 
cast of the dorso-median plate of Coccosteus or some nearly allied 
placoderm, but its exact relationship has not yet been determined. 
Its occurrence in these beds is interesting because, so far as I am 
aware, no fish fossil has yet been described from the Hamilton 
group in Pennsylvania, though a scanty fish fauna has come to 
light from the rocks of similar age in adjoining states. At some 
future time more details may be given regarding this solitary 
specimen. 

*See Contributions to Canadian PahiDontology, Vol. I, pt. 3. 
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NEOLITHIC MAN IN NICARAGUA. 

By J. Crawford, Managua, Nicaragua. 

Numerous evidences of panic and fright among men and 
domestic animals in Nicaragua, in one of the past geological 
epochs, are deeply impressed on stratified rocks many feet below 
the earth's surface, under the cit}' of Managua, extending south 
and southeastward from lake Managua to a distance of over one 
mile, possibly further, as far as has been examined, in the direc- 
tion of the extinct volcano Masaya ( 1 ), ten miles distant. The 
footprints indicate haste, confusion and excitement, and are im- 
pressed from 1^ to 2 inches deep in the stratum, the toes of the 
feet in every footprint made the deepest mark and pushed the 
mud back toward the heel, as usual from running in shallow mud; 
all are pointed, many directly, others obliquel}', toward lake 
Managua, as if to seek shelter in its waters from a storm of burn- 
ing hot volcanic ashes and cinders, or some equally dangerous 
occurrence. A few roughly polished arrow heads and barbed 
haq)oons, but no skeletons nor l)ones have been found in that 
nor in any of the superimposed strata(2). 

A short topographic and stratigraphic description of the local - 
it}' will enable a comparison to be made with similar conditions of 

(1) This volcanic classification of ** extinct *' is not based on any theory 
about the interior constitution of the earth, but, on such facts of my 
own observation as, when in my examinations I found that I must adopt 
some classification. The plane of invariable annual ( also daily) temper- 
ature beneath the earth^s surface on and near to this large mass of vol- 
canic materials is isogeothermal with planes of similar situations and 
altitude in that country; on inactive but not extinct volcanic masses no 
isogeothermal plane can be found, or, it is too irrep:ular and indefinite 
for determination. The selection of homes and hiding places by wild 
animals and birds on extinct but never, so far as I have observed in 
this and in South American volcanic countries, on inactive hot top nor 
on active volcanoes. 

( 2 ) Since this paper was written, Nov. 1890, there has been found 
( Feb'y 10, 1891 ), the dunt and huh ill dheuteyroting partx of several crnrn'- 
nm boru'H and three or four teeth of atomf human betng^ in an urn of oblate 
oval form made of volcanic, iron-colored clays and sand and burned. 
The dimensions of the urn are: depth 68 c. m., greatest diameter 68 c. 
m., diameter across opening at one end 48 c. m., thickness in walls J4 to 
% of an inch. This was discovered in a quarry in southern part of the 
city of Managua, about 15 feet below the earth's surface and resting on 
a stratum composed of volcanic ejecta hardened suflicientlv to be 
quarried and used in the construction or all kinds of walls for resi- 
dences and public buildings in the city of Managua; about sixteen feet 
beneath the urn, four hard conglomerate strata intervening, is the 
stratum on which human footprints were found in large numbers. The 
bones and urn were purchased by the consul for Austria, and will be 
sent to the museum in Vienna, Austria. 
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surface and strata in other countries, wiiose geolog}' is better 
known, in order to determine the epoch when these people lived, 
and possibly to decide on the cause of their flight. 

For a few feet south from the water margin of the lake, the 
formation is a coarse sandy beach, then an ^abrupt clitf 8 to 12 
feet high above the surface of the water, thence south and south- 
eastward for more than a mile, the surface ascends to about 180 
feet above the level of the water in the lake, then commences a 
series of volcanic montecules, cones, craters, and cerros, some- 
what degraded by erosion, extending 25 to thirty miles eastward 
to lake Nicaragua. 

The stratum bearing impressions of human feet is near lake 
Managua, about fourteen feet beneath the surface of the soil, and 
on a level with the high water mark. It is not much inclined but 
nearly horizontal with the present surface of the earth as it 
ascends south and east from the lake. 

The mineralogical composition of the strata from at least 
twenty feet below the stratum retaining footprints of man and 
other mnnimnlft^ up to the surface of the soil is about the same. 
The larger proportion of more acid minerals are near the soil, the 
general composition of all are rhyolite, trachyte, lipardite, phono- 
lite, pumice, basalt, dolerite,audesite and black, also light colored, 
scoria?, all in particles ( large grains or small fragments ) and 
iKxiies, mixed by water with volcanic ashes (and ores of iron) 
into a conglomerate whose contained grains and fragments are 
weakly cemented by the ashes and oxides into strata varying 
from six inches to four feet thick and consolidated to a hardness 
when in place, of from 2 to 2^^ ( excepting the upper stratum 
which has not yet hardened sufficiently to be separable, from 
top to bottom, into blocks ), containing four or more cubic feet ; 
exposed to a dry atmosphere these rocks soon harden to 3. 25 to 
4. Each stratum is separated from the one al)ove it and, aUo 
the one below it, by a fine grained, /oo«^' sand, colored light brown 
by iron oxides and varying in thickness from 2^ to 4 inches. 

Stratigraphically, the deposits, from at least ten feet below the 
stratum impressed by human feet, up to tl)e surface of the earth, 

are: 

(a) Superficial, 4 to 10 feet thick uncompacted or partly hardened 
ejecta conglomerate (3 ) containing numerous patches or small areas of 



ii 



(8) EjectA conglomerate in diHtinction from fiis«^ volcanic con^lonu'rateK and 
Hhingle " and from " conj^lomerate " an d»»rtn»Hi by Lyell, Dana, Lo Conto, Pn»Htwich 
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small fragments of pumice, also of colored clays and sands which when 
mixed with lime (CaO,H, ) is used as a hydraulic cement which de- 
velopes nearly as much tensile, torosile and adhesive strength as Roman 
cement; this is an acid conglomerate of grains and small fragments of 
volcanic materials the majority of which represent the early and middle 
part of the ashes-an(d-cinder-eruptlon in some period of explosive 
volcanic activity. 

( b ) A stratum of fine sand, 4 to 4)^ inches thick, loose, uncompacted, 
slightly colored, light orange brown by hydrous oxides of iron. 

( c ) A stratum 2 to 2^^ hard, of ejecta conglomerate, 4 to 4^^ feet 
thick, coarse grains and small fragments well mixed, of a dark grey 
color spotted with hard black fragments of metamorphosed hornblende. 

( d ) A stratum of fine sand, uncompacted, resembling ( b ) in color, 
2% to 3 inches thick. 

( e ) A stratum of the same composition, hardness and color as ( c ) 
above described, 2^^ to 3 feet thick. 

( f ) A stratum of fine, loose sand, 2 to 3 inches thick of a light orange 
color. 

( g ) A stratum 2 to %% feet thick of the same composition and color 
as ( c ) and ( e ) above described but harder, nearly 3 hard. 

( h ) A stratum of fine, uncompacted sand, 1 ^^ to 2 inches thick, light, 
reddish brown color. 

( i ) A stratum composed of the same kind of materials and of the 
same color as ( c ) and ( e ), and about as hard as ( g ) above described, 
bearing intaglioes in the upper surface of numerous deep impressions of 
the feet of man and domestic animals, also containing, sunken until nearly 
covered, in its surface a few roughly polished stone implements, arrow 
heads, etc. 

( j ) A stratum of fine sand, uncompacted, the interspaces filled with 
water two and a half to three inches thick (4); it is colored light reddish 
brown by iron oxides, and has changed position and associates more 
than once since the Miocene period of the Cenozoic era. 

( k ) A deposit, below the usual level of the water in lake Managua, 
more than ten feet thick, of unknown thickness ( I excavated only about 
ten feet, into this stratum when the water came in so rapidly as to cause 
work to cease ), but, probably it is several hundred feet thick, unc<mi' 
parted materials of the same composition as the harder strata above 
it^ the water appears to have prevented the hardening of this deposit of 
volcanic ejecta conglomerate. 

The different strata of sand in the above described, were de- 
posits from the ordinary currents of water after the usual rains; 

and other authoHtieK, in being componed of grainn, particlen and fragnientn of rockH of 
irregular shapes, and piecen of minerals from the si/.n of a MM. diameter to diameterc 
of several CM., all ejected from volcanoeK, and some particlen noftened afterward by 
meteoric inrinencei*, then transported from the »ide« of volcanic maHset;' and the valley's 
between them, as Hoods of mno and deposited stratigraphically. 

(4> This Mtnitnm has, strangely, lK»en mistaken for '* Miocene-perio<l sand," and so 
published in Kurope: it figured prominently in an article published in the Proceedings 
of the Victoria In^-titute, London, 18H7, declaring the existence of man, these footprint's, 
in Nicoraugua in the Miocene period. See Proc. Victoria Inntitute 1886 or 1H87. 
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they are too thoroughly sorteii or separated according to their 
densities to Ije ashes immediately from volcanoes falling on the 
hardening stratum of rock. 

The strata of hardened volcanic conglomerate ejecta were de- 
posited, each stratum most probably from large deep floods of 
mud brought down in continuous flow during one season, by tor- 
rents after long continued heavy rains, from the adjacent monte- 
cules, cones and cerros of materials enipted from volcanoes. 
The superficial deposit ( four to twelve feet deep, uncompacted ) 
was formed by several small floods of mud, occuring at inter\'als 
of several years. That these floods of mud occurred and that 
they were so thick in this locality is confirmtni by vivid descrip- 
tions by some of the most eminent, educated and reliable citizens 
in Nicaragua who descril)e a similar occurrence on October 4, 
1876. In this locality the city of Managua, the local name of 
these torrential floods of mud is '' aluvions de barro; " this alu- 
vion de barro filled the open houses, streets and plazas near the 
lake five and one-half feet deep with thick musln' mud composed 
of materials similar to those that are formed into hard conglom- 
erate, hereinbefore described. Much of the slowly moving mud 
which remained in the citv was washed into the lake by subse- 
<iuent rains, but large masses were left in protected places, which 
have dried and hardened into isolated areas al)out twenty-four 
inches thick. Some of its upper surface, probalih* was washed 
away by rains l>ecause when these isolated parts, now hard and 
24 inches thick, were prevented from flowing further, they were 
fully flve and one-half feet deep, slowly flowing masses of thick 
mud. Several large l)oulders, some of them fully twelve tons in 
weight, were moved from depressions or concavities on the 
mountain's side, al)out one mile to the south of the citv, when^ 
they had hardened. They were not hard enough to have l>een 
rolled even for 100 yards without breaking into fragments, but 
were deposited in the streets of Managua. A canal that once 
extended for two miles from east to west, and was fortv feet wide 
and ten feet deep, was filled up by the mud flood, October 4, 
1876, and is now one of the principal thoroughfares for traflflc. 
At this date natural forces were acting on a grand scale, in this 
locality, changing the position of large (juantities of material, 
yet the forces were small in comparison with that enormous flooil 
of mud, which transport ed from the adjacent monticules and 
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cones sufficient loose fragmentary material ( which had, long pre* 
viously probably, been erupted from volcanoes ) to their present 
position, where dry and hard the stratum ( c ) is now four and 
one-half feet thick. 

The people whose footprints are found so numerous on stratum 
( i ) must have removed from that locality before the occurrence 
of the ** aluvion de barro" which formed the now hard stratum 
( g ), because that flood of mud must have been over fifteen feet 
deep. 

These strata dried slowly in a moist atmosphere; they are not 
fissured, consequently they did not dry rapidly; they show no in- 
dications of having been schisted, * nor have any cracks afterwards 
been filled up by washed materials. 

The time when men, dogs and horses* fied to Managua to shel- 
ter themselves from the highly heated cinders and ashes ejected 
from volcano Masaya, was most probably very long ago. 

We may go back, in time, toward that epoch guided by such 
facts as the following. From intelligent and reliable witnesses 
we learn that volcano Masaya, alx>ut ten miles eastward from the 
city of Managua and on the west side of the city of Masa^^a, 
commenced on the 10th of Noveml)er, 1858, emiting ( from a 
fissure in its side al)out four hundreil feet below the rim of its crater 
containing a lake of water ) aqueous vapors, sulphurous acid gas, 
chlorine gas, carbon dioxide, etc. This continued for about ten 
daysf then ceased, and, although a part of that fissure still exists, 
gapping and ugly, yet the entire volcanic miiss is now so cool 
that its sides and the outer and inner edges of its crater are cov- 
ered with small green trees and fiowering plants, accompanied by 
man}' birds ( 5 ) which appear to consider that volcano extinct. 

From history we learn that on the 10th of March, 1762, a 
fissure opened in the side of this volciino Masa^'a about three hun- 
dred feet below the rim of the crater, and poure<l out lava, at 
intervals, for several days, which covered an area about one-half 

*No impressioQ of the side toes of horses have been found in this 
stratum ( i ), in the two or three inch deep impressions of horses* feet. 

tThe statements are various. 

(5) I here noticed in the volcanic part of Nicaragua and In other 
countries, that birds seldom or never visit volcanoes that have hot tops 
and have no isogeothermal plane corresponding with the surrounding 
country; birds and wild animals appear to have an instinctive knowl- 
edge of the natural causes, dynamic and kinetic, at work in tbe 
mysterous depths of the earth. 
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mile wide, near the fissure, and widening gradually, for an extent 
of three or four miles into a forest of large exogenous trees, leav- 
ing over its course a mass of scori«, obsidian, vesicular lava 
and stones, which now look as if fresh and hot. Many trees 
along the edge of this flow of lava were carbonized, and parts of 
them are yet standing. The ashes and cinders then sent out 
with explosive force through the fissure, have been washed away 
down into the lakes. The volcanic activit}' created no great dis- 
turbance in the present city of Masaya, situated on the side of 
the volcanic mountain, opposite to the fissure, and the ashes 
reached to the city of Managua ten miles distant, only by occasional 
gusts of wind, not of sufficient quantity or temperature to 
cause any other unpleasantness than great apprehension of 
danger. 

Anterior to this activity in 1762 we have no reliable human 
record of any other outburst from this volcano, and physical evi- 
dences indicate that it had been quiet for very many centuries, 
possibly for one or more geological epochs. 

In comparing these facts in reference to the eruptions with 
other volcanoes the history of which is better known, but which 
have far mor^ deepl}' eroded sides, of which facts are obtained, 
we find, that the materials forming, in considerably large part, 
the montecules, cones and sides of Etna, are easily loosened by 
rains and can be washed down in large quantities by torrents as 
at volcano Masaya; also that each, in its own locality, has sea- 
sons of heavy rains ; but the lava which poured from Etna four 
hundred 3'ears B. C, and stopped the Carthagenian army in its 
march against Syracuse, is now, much of it, exposed on the 
earth's surface where it flowed and is not covered by sedimentary 
materials, washed down, from Etnas side, nor covered by floods of 
mud. Yet, in less than ten miles from volcano Masaya, the 
stratification near lake Managua of materials ejected from vol- 
canoes and washed down and deix)sited, is hard and more than 
twelve feet thick at its least depth, al)ove the hard stratum 
deeply impressed by human footprints, and these impressions of 
feet were made when the surface of that stratum was only partly 
hardened or in a stiff, muddy condition. Any estimate in years of 
thetime necessary toform and then to harden an ejecta conglomerate 
so slowly as not to flssure, such as each of these strata near lake 
Managua, and the time intervening between the drying and 
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hardening of one stratum l)efore commencing the deposi- 
tion of another, would l^e solely speculative. I have not suflScient 
data from mv own or othera' ol)ser\'ations of volcanoes as to the 
average (juantity of matter annually washed down from their 
sides, either by ordinary rains or during seasons of extraordi- 
nary floods, to make from the annual erosion an estimate of time 
necessary to form such deposits as the conglomerate strata 
l)eneath the city of Managua and extending towarti the extinct 
volcano Masava. 

There certainly has been an epoch of great elevation and glaci- 
ation in part of Nicaragua, and a subsequent epoch of subsidence 
in all, and much ice melting and torrential floods in parts. There 
are manv evidences here of the occurrence of the (xlacial, Cham- 
plain and Terrace epochs. Probably this stratum containing 
human footprints, and the superimposed strata, were depositeii 
during the later elevation and depression of the Champlain epoch 
and early part of the Terrace epoch; if so, then there is in Nicar- 
agua evidence of men in large numbers and congregated in large 
towns or cities of thirty thousand or more, during the later Cham- 
plain or early Terrace epoch. And, if we accept M. Foret's 
calculations in reference to the time occupied in silting parts of lake 
Geneva by the river Rhone in an effort to get at tlie date of the 
conclusion of the glacial period there, as a basis for the hardening 
of the stratum underneath the city of Managua, we can probably 
say more than fifty thousand years ago. 

Mdmiyna. X!cannjn(i, Xov. 10, 1890. 
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THE POST-ARCH/EAN AGE OF THE WHITE LIME- 
STONES OF SUSSEX CO., N. J.* 

A REPLY TO A REVIEW t 

FiiANK L. Na!*«n, JefferKoii City, Mo. 

In the review of the above paper the writer feels that Prof. 
Dana has laid undue stress upon some of the evidence adduced in 
support of his views and not enough on other. 

It does not seem to be logical to assume, because a limestone 
contains chondrmlite, magnetite and the oxides and silicates of 
zinc, together with intruded granite, that no amount of evidence 

♦Ann. Rep. State Geologist of N. J., 1890. 

tNotice of Ann. Rep. State Geologist of N. J., 1890, Julv Number of Am. 
Jour. Sci., 1891; J. D. D. 
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will prove these limestones to be a local U' metamorphosed fossilifer- 
ous limestone. 

In other words, if positive and direct evidence can be found 
showing a transition from blue to white limestone, the fact that 
the white limestone has the alx)ve concomitants does not militate 
against the proposition in the least. The problem simply assumes 
another and a totally diflferent phase. Instead of a question of 
geological age it becomes a study in metamorphism. 

In the following paper the writer wishes to present, as con- 
cisely as possible, the evidence which led him to the conclusion 
that the white limestone of Sussex county is but the metamor- 
phosed form of the fossiliferous blue limestone. 

The evidence can be summed up under these heads: 

Ist. The topographic features of the two rocks. 

This will include, (a) the nature of the dips and the foldings of 
the rocks; (b) the axes of special disturbance. 

2d. The associated rocks. 

This will include, (a) the accompanying bedded rocks, (b) the 
•eruptive rocks. 

3d. The transition of one limestone into the other. 

This will include, (a) breccias in the white limestone, (b) breccias 
in the blue limestone, (c) graphite and fossils, (d) the actual trac- 
ing across the strike and along the strike from white to blue, this 
occurring in long lines, (e) occurs in many localities, (f) the 
breccias form the boundary lines. 

1. Topographical features. 

The white and the blue limestones are intimately associated 
with each other. Large areas of white limestone are never widely 
separated from the blue, and not a single outcrop of white lime- 
stone is known by the writer wholly independent of the blue. 

(a.) In former reports and papers on this subject, the dis- 
tinctive feature of the white with respect to the blue, has been 
'*the universal southeast dip"' and the northwest dip of the blue. 
Neither of these statements is in accordance with facts. It is us- 
ually difficult to observe the dip of the white limestone on account 
of the extreme metamorphism. Yet the fact that the white lime- 
stones do dip northwest is plainly to be observed. It frequenth' 
happens that one end of the slope of a hill is white limestone and 
the opposite end of the slope of the hill is blue. But whatever 
the direction of the dip. they l)oth dip in the same direction. The 



16m Thi' Aiiurleaii Geohnjint, September, ISOl 

argument from southeast dip is farther shown to be worthless 
from the fact that the white limestones are proved anticlines in 
stnicture as well as the blue. 

(b.) The white limestones occui)y axes of great disturbance as 
denoted by the intrusion of eruptive rocks ; by excessive shatter- 
ing; by sudden and great disturbance of dip and strike. 

The force of this point will be more strongly felt if one ob- 
serves the inoUiU'd patches of white limestone between Franklin 
Furnace and Andover. Here the blue limestones lie against the 
gneiss with numerous outcrops of sandstone. When there is an 
area of white limestone, it is not far removed from the blue, but 
it is accompanied by great masses of granite and other eniptives 
and the sandstones are usually graphitic. 

2. The associated rocks. 

(a.) One of the strong ties which bind the two limestones to- 
gether is the sandstone. This sandstone is found so abundantly 
and at such critical points as to form an evidence quite as strong 
as the actual passage of the blue into the white limestone. 

These sandstones, in many places, form the axis of hills which 
are anticlinal in structure and which have one end of a flank blue 
limestone, and the other end white. These sandstones lie under 
the i)lue limestones and can be traced till they disappear under 
the white limestone. 

These sandstones are graphitic when near either a white lime- 
stone or near a granite dike accompanied or unaccompanied by 
white limestone. 

Prof. Pana is perfectl}* right when he says^ * 'evidence drawn 
from graphite is of uncertain value," but that is a general state- 
ment. In the ease at hand the writer believes that the conditions 
under which the graphite occurs make its testimony not only 
strongly corroborative, but direct and positive. 

The presence of graphite in the blue limestone will be mentioned 
under 3. (b.) The white limestones, as already stated, are 
characterized by eruptive rocks. The most characteristic of 
these is the granite. There is hardly an area of white lime- 
stone which is not accompanied by granite; even where gran- 
ite is not visible on the surface the white limestone is filled with 
intrusive sheets of it. This is proved by the drill borings, 1,100 
feet deep at Franklin Furnace. There were eight holes in all,, 
and each had successive layers of granite. 
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~ The blue limestones are almost wholly free from eruptives and 
granite is never present. Taking these facts in connection with 
the disturbed areas as shown by the topography, the presence of 
granite in the white limestone and its ai)sence from the blue is as 
easily accounted for as the fact that the white limestone occupies 
areas of great disturbance, while the blue area is comparatively 
undisturbed. 

3. The transition of the blue limestone into the white. 

The writer regards this gradation as absolute proof of the 
synchronous horizon of these two limestones and tliat this fact 
alone is sufficient to establish the point at issue even were there 
no other confirmatory facts. 

That, this gradation or transition actually exists no one will 
doubt if once he visits the localities in ([uestion. (a) Breccias in 
the white limestone are not always readily observable, but localities 
are found where great masses of limestone are made up entirely 
of angular fragments. The interstitial matter is coarsely crystal- 
line with scales of graphite. The angular fragments are bleached 
and some have a distinctly crystalline structure with scales of 
graphite and cloudy aggregations of the same mineral. In some, 
the angular outline of the original fragment is plainly observable, 
but near the center the crvstalline structure is lost and the core is 
a rounded, comparatively unchanged mass. Were it not for the 
abundance and variety of these ijreccias one miglit regard them as 
a kind of concretion. 

(b.) The breccias in the blue limestones, like those in the white, 
are found near the boundary line, or are. rather, the actual 
boundarj' line; the white limestones being found on one side and 
the blue on the other. The breccias are filled interstitially with 
crj'stalline graphitic limestones. The fragments themselves, while 
as dark as the blue limestone, have occasional scales of graphite. 
The degree of alteration depends upon the size of the fragment. 
The boundary line between the blue and . white, when they ap- 
proach each other, is either brecciated rock or a line of easy 
gradation as noted under 3 (d). (c)^The presence of graphite 
and fossils in th,e blue limestone and in the sandstone, 
standing as isolated facts, do, as Prof. Dana says, have but 
doubtful significance, but this particular case stands as fol- 
lows: — The fossils show these rocks to be among the oldest of 
fosiliferous rocks and thus more liable to raetamorphic action; the 
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presence of graphite in the rocks and actuall}* replacing these fos- 
sils shows that metamorphic action has actually operated to some 
extent ; and the invariable proximit}^ of these blue limestones and 
the sandstones iclien graphitic to either white limestone or granite 
is exceedingly strong evidence in support of the proposition that 
the metamorphism which changed the white limestone operated in 
a less degree, but at the same time, on the blue limestone and the 
sandstone. 

(d) The actual gradation from white to blue across and along the 
line of strike. In the case in hand there is no possibility of mistaking 
sui)er- position of a younger blue limestone on the white. The actual 
facts are that going from west to east there is encountered, first 
a coarsely crystalline white, graphitic limestone; last a blue lime- 
stone, plainly bedded and jointed. Between these two points, no 
more than fifty feet apart, these limestones shade into each other 
in color, in degree of crystallization, in the presence of graph- 
ite. That is, the graphite exists in ever}- stage from the bright 
crj'stalline stage to cloud aggregations of carbonaceous matter 
which give the blue color to the blue limestone. 

(e. ) This gradation is not confined to a single locality, but the 
localities are numerous. In no locality is actual contact observed 
l)etween white and blue limestone, but wherever exposure is of 
such a nature as to allow such contact to be observed, if it existed, 
the above facts are observed instead. The transition rocks are 
not taken from several localities and transition inferred from this 
series; but by going across a given exposure the complete series 
is seen and in place. No series of samples can give a perfect idea 
unless a continuous strip of rock were taken. Using the locality 
at Franklin Furnace as a point of departure, the localities at which 
this transition may be observed are as follows: — West of theRude- 
ville quarries four miles; on a hill east of McAfee, six miles; on 
the hills southwest of McAfee, numerous localities, five miles; on 
a small hill then north of McAfee, nine miles. These localities 
are all in the Vernon and the Wallkill valleys. In other locali- 
ties near Oxford, Jury Jump mountain, and Andover, changes 
fully as convincing may Ije observed, and these point to the fact 
that the conclusions reached in the study of the Sussex county 
limestone mav safely be extended to these also. 

In conclusion it mav be well to state that the two limestones 

ft/ 

are separated by one of two marked types of rock ; either the band 
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of transition limestone or by a band of breeciated limestone rock ; 
and that in no place does the limestone change from blue to white 
across a continuous exposure without one of these transition rocks. 



NEW OBSERVATIONS ON THE GENUS TRINAC- 

ROMERUM. 

By F. W. Craoin, Colorado Springs, Colorado. 

The type- skeleton of this genus, discovered in the summer of 
1888, and partially described by the writer a few months later*, 
was nearly perfect when first seen by the workmen who found it, 
but was afterward broken in pieces by vandalic curiosity seekers, 
and had been scattered over portions of two counties before it 
ca,me to the writer's knowledge. It was with great difficulty that 
the task of getting together such parts as had escaped utter de- 
struction was accomplished, some of these being obtained by rock 
excavation at the original localit}', others by dint of considerable 
perseverance in travel and moral suasion. 

The expenditure of much time and labor in freeing the bone- 
fragments from the more or less silicified limestone matrix and 
in matching them, has resulted in restoring to a condition avail- 
able for study, several parts which once seemed hopelessly in- 
complete. A study of the type, as thus renovated, and of parts 
of several other specimens, has enabled me to supplement my 
preliminary paper with the following descriptive notes. 

The Skull. — Besides the ver}' imperfect skull of the type 
( represented by the muzzle and a number of other fragments, of 
more or less importance ), the writer has secured two skulls which 
belong — onet certainly, the other probably — to this genus. For 
convenience of reference, these three skulls ma}' be designated 
respectively as A, B, and C. 

As all preserved parts of the skeletal structure of Truiacrome- 
rum will be fully treated in an illustrated memoir, which is in 
preparation, a detailed consideration of the skull will not now be 
undertaken ; but a few of its more conspicuous features may here 
be noted. The skull is very large ( B, C ) and long ( A, B ), 



♦Preliminary Description of a New or Little Known Saurian from the 
Benton, of Kansas. American Geologist, December, 1888. 

•fThls skull seems to have pertained to an individual of about the same 
size as the type, with which it agre^^s perfectly in several parts pre- 
served in both specimens. I regard it as not only congeneric but also 
co-specific with the type. 
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rather broad posteriorly ( B, C), and graduall}' contracting an- 
teriorly ( B ) to the great U' produced, high, and narrow muzzle 
( A, B). The fronto-parietal region is but moderatelj' elevated, 
and slopes either way from the obtuse median ridge ( B, C ). 
There is a rather large elliptical or narrow-ovate parietal foramen 
( B, C ). The orbit is large and ovate ( B ) in outline. The 
mandible has a long symphysis (A, B ), posterior to which the 
rami are quite straight till at and near the posterior end, where 
they curve inward ( B ). The teeth ( A, B) resemble in form and 
sculpture that to which Leidy has given the name, Ph-atosaurmtX, 
but are smaller and less cur\"ed, and their striwform folds of 
enamel reach much nearer the summit and are lacking entirely on 
the antero-exterior segment (A, B). 

The Pectoral Arch. — The coracoids are divided into a stout, 
saddle-shaped, anterior segment, and a thin, scoop-shaped pos- 
terior segment by two broad foramina which are either confluent 
anteriorly across the symphysial axis or separated by only a nar- 
row symphysial prolongation of the posterior segment. The 
anterior segment is thickened in the interglenoid axis as an 
opi>osed pair of deep, massive abutments whose symphysial faces 
are marked with broad pits for the attachment of a median cushion 
of cartilage. It is anteriorly produced in advance of the glenoid 
fossftj and is posteriorly limited by the abrupt re<^ession of the 
inner coracoideal borders from the symphysial axis at the foot of 
the steep posterior slope of the abutments. The thus formed 
inner- posterior angle of either abutment presents a complex in- 
wardly directed articulation difficult to describe, but which, 
viewed from the slightly concave dorsal side of the abutment, 
presents the appearance of two short processes, the posterior of 
which is pedicellate. The posterior segment of the coracoid is 
characterized, like the anterior, by a transverse thickening culmi- 
nating at the symphysis, but shallower than that of the anterior 
segment. It crosses the anterior end of the segment. While 
this posterior segment, as a whole, is concave upward, the trans- 
verse, thickening is concave below and convex upward, reversing 
the conditions which obtain in the thickening of the anterior 
segment. The pre-glenoidal processes of the coracoids are long 
and blade-like, but are so broken in the type-specimen as not to 

JCret. Ropt. of U. IS. 
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show their full length and outline. But on the block of stone 
bearing skull C ( and which bears vertebra? indistinguishable from 
those of Trinacromenim ) tliere is a perfect pair of anterior cora- 
coideal blades. These lie mostly posterior to the skull and are 
directed agreeably with it, but their anterior end rests upon the 
posterior parts of the dorsal surface of the parietals, the skull 
having been accidentally turned over. These blades are about a 
foot in length and rather more than half an inch thick along the 
straight inner margins, diminishing, except near the end, to a 
thin outer edge. They gradually diminish in breadth ( to two 
and one-eighth inches each ) in the proximal two-thirds of their 
length, beyond which they have moderate lateral expansion. 

The distal parts of the ventral plates of both scapulo-precora- 
coids are likewise preserved on the parietals of skull C. They 
are flat expansions, somewhat broader than those of the distal 
ends of the anterior coracoideal blades, whose outer bordei-s they 
meet on either side in a straight articulation two or three inches 
long, being thus held some five inches apart, instead of meeting 
in the mid-line as do those of Cinw/wsaHrna. This articulation 
includes nearly the posterior half of the obtuse-angled extremity 
of the scapulo-precoracoid, the remainder of the extremity form- 
ing (as preserved) a free antero- exteriorly directed lx)rder which is 
squared like those of the articulation, and which may, therefore, 
have joined an omosternum placed anterior to the coracoideal blades. 

The stout, extero-posteriorlj' directed end of the left Kcapulo- 
prccoracoid remains, in the type specimen, in natural relation to 
the coracoid, which it joins to form the glenoid fossa. 

A large and elongated fragment of the middle part of the 
former bone presents three faces: one concave, the others repre- 
senting the outer aspect of the ventral and dorsal ( precoracoid 
and scapular ) plates, nearl}* flat and making a rounded angle of 
about 100° with each other. 

The Pelvic Arch. — Of this, there are preserved in the type- 
skeleton the perfect right and imperfect left ilium, the greater 
part of the right pubis, the acetabular extremities and necks of 
l)Oth ischia, and part of the right ischial blade. On the right 
side, the union of the ischium and pubis, and on the left, that of 
the ischium and ilium remain undisturbed. The ilium is a clavate 
bone, rudely elliptical in cross-section of the shaft, and having 
the much enlarged lower end bent inward and forward. 
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The genenil outline of the pubis and ischium is much like that 
in PlesiomnruH as figured by Huxley*, though its details differ. 
The blade of the pubis is a warped plate, presenting, when viewed 
from above, two conciivities separated by an an tero- posterior axis 
of convexity, the major convexit}" embracing a large part of the 
middle and inner anterior regions, the minor occupying a small 
outer-anterior part. 

But the pelvic arch possesses one feature that distinguishes it 
from any described sauropterygian pelvis with which the writer- is 
acquaintedt. The ilium does not articulate with, nor even closely 
approach, the pubis, being separated from it by the acetabular 
portion of the ischium, of whose acetabular face its own forms a 
posterior continuation. Thus the three elements of the acetabu- 
lum are brought into line. 

The VERTEBRiE. — To what has been published concerning the 
vertebrge, there is but little that need be added here. As would 
be inferred from the great size of the skull, the anterior cervical 
vertebrse are not greatly reduced in size. The atlas and axis and 
their intercentrum are anchylosed, but their sutures persist. The 
cervical ribs are suturally adnate to the centra by single facets. 



ON THE CONFOUNDING OF NASSA T HIV ITT AT A SAY 

AND NAJSSA PERALTA (CON. 8P.) 
By (tiLBKRT D. Harris, Washington, D. C. 

Naxsa triclttata, a recent species inhabiting the eastern coast 
of the United States, was described in the second volume of the 
Journal of the Philadelphia Academ}' of Natural Sciences, in 1822, 
by Thomas Say.** 

Kight years later, a somewhat similar though very distinct form 
obtained from the ''Upper Marine" (Miocene) formation in the vicin- 
ity of St. Marys River, Md., was inadvertently referred by Conrad 
to *'iVrw«a Trivittata, Sa^'.^'tt Morton repeated this error on page 
2 of the Appendix to his Synopsis of the Organic Remains of the 
Cretaceous Group, published in 1834. The species is again re- 
ferred to by Conrad in 1842 under the name ^^Buccinum trivitta- 

* Vertebrate Anatomy, p. 182. 

tin EUt8iiu)i*nurns, the ilium is described by Cope as articulating with 
the pubis only. Extinct Reptilia, Batrachia and Aves of North America^ 
p. 52. 

**0p. cit. 1822, p. 231. 

tflbid., VI., 1830, p. 211. 
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tum^ Say. '** Tuomey and Holmes' use of this designation fifteen 
years later in their Pliocene Fossils of South Carolina seems 
correct insomuch as both the description and the figure they give 
indicate a species identical with Say's X. trivUtata. i 

In his catalogue of the Miocene Shells of the Atlantic Slope, 
Conrad questions the identity of the Miocene ^^Tritia (Nastta) 
trivittata'' with the specimens referred to by Sa}", Tuomey and 
Holmes. || 

The following reference occurs in Meek's Checklist of Miocene 
Invertebrates, published in 1 864 : II 

'^683. Tritia ^riW^fi/a (Say?) Conrad. Md. ; Va. ; S. Car." The 
Marj'land and South Carolina forms are here confused and con- 
sidered identical. The specimens in the collection of the U. 
S. National Museum, from St. Mary's river bear the name ^^Trltia 
trivittatunij Say" in Meek's hand-writing; the identification is 
moreover initialed by Heilprin. 

In 1867, Conrad described a new species under the name of 
Ptychosiilpinx {Tritia r a) per alt a** Although no locality is given 
for this species, the description, the figure, and the facts that it 
is a Miocene form and is, according to Conrad, the equivalent of 
Tritia trivittata Conrad (not Say) leave little room for doubting 
that the species here described is that occurring so abundantly in 
the vicinity of St. Mary's river, Marj'land. 

Heilprin has overlooked this name altogether in his Tertiary 
Geology of the United States, published in 1884, and continues 
to refer this Miocene form to Na^sa trivittata Say. ft He uses the 
same designation in his list of Miocene species of New Jersey, 
published in the Proceedings of the Philadelphia Academy of 
Natural Sciences, 1887,t but whether in this case Ptychmalpiux 
(Tritiara) peralta (more properly Nansa peralta) or Nassa trivit- 
tatoides Whitf 'd (MS. ) is referred to, one cannot decide without 
seeing the specimens themselves. 

Professor Clark of Johns Hopkins University has also over- 
looked Conrad's X. peralta, for, in 1888,t and again in 1891 he 
refers this form to Nassa trivittata of Say. i 

The foregoing facts may be thus summarized : — 

♦2d Bull. Proc. Nat. Inst, 1842. p. 186.1 Proc. Phila.Ac. Nat. Sci. 1862, p. 562. 

§Op. cit. P. 135, pi. 28, fig. 4. ttOp. cit pp. 58 & 61. 

'Tf8mlth8n.Ml-cl.Coll.No.l83.p.20. 19, fig. 5. 

**Amer. Jour. Conch., iii, p 264, pl.tOp. cit. pp. 398, 401. 

JJ. H. Univ. cir. vii. p. 66. §Ibid., x. p. 107. 
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N*inHti tritittuta Say, Jour. Phila. Ac. Nat. Sci., (1) ii, 1822, p. 231. 

" " Conrad, Ibid, vi, 1830, p. 211 =Xti$m peralta. 

** •* Mort., Synop. Org. Rem. Cret. Gp., 1834, App., p. 2 

-^Xasm peralta. 

Buret n urn tritittatnm Con., 2d Bull. Proc. Nat. Inst., 1842, p. 186 

NaHna peralta. 

*' " T. & H., Plioc. Fobs. S. C, 1857, p. 135--X tririttata 

Tritia (Xa^fta) tririttata ? Con., Proc. Ph. A. N. S., 1862, p. 562 

\ Xattm jferalta cf* 

' ) X. tricittata. 

Tritia tricittata Meek Check List 1864, p. 20 ^--\ -^''""*" jteralta d: 

} y. tricittata. 

Ptychosalpinx (Tritiaria) peralta Con. Am. Jr. Con , 1867, p. 264, pi. 19, 

fig. 5. 

Xa,.a tricittata Heilp., Tert. Geol., 1884, pp. \ '^^ ^^^ ] [ ;3^'JrS/!J^ "^^ 

*♦ " Proc. Phila., A. N. S., 1887 pp. 398,' 401 .... . 

— ?A'. tricittatoidett. 

NaAsa (Tritiaria) tricittata Clark, J. H. Univ. Cir., 1888, p. QQ^y.jH'ralta. 
JV^/;tj«/( tricittata Clark, Ibid., 1891, p. 107 X peraltu. 

Washington, D. C. August, 1891. 



EDITORIAL COMMEXT. 



DiMiNi'TiON <»F Natural Gas. 
Prof. J. P. Lesley has contributed a paper of much interest and 

value to the proceedings of the American Philosophical Society 

on the Grapeville gas wells. From it we condense the following: 

A table showing the futility of all attempts to pipe natural gas 

to any great distance is a sufficient answer to the hopeful tone 

so often assumed in regard to its conveyance to towns far from 

the wells. It shows the initial pressure, size of pipe and loss by 

friction in conveying gas from the powerful gusher at Grapeville 

to the Cambria Iron Works at Johnstown, Pa. 
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The diminution of pn^sure in 40 miles from 200 n»s. and 333 
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lbs. respectively to 25 lbs. at the works sufficiently proves the im- 
possibility of successfully conveying the gas in pipes to any great 
distance, at the same time the striking irregularity in the rate of 
diminution precludes the hope of discovering any rule, and niises the 
suspicion of considerable error of observation. 

Another interesting fact illustrated in the same paper is the 
steadily diminishing pressure at the wells, foreboding ultimate 
failures at no distant date, a fact on which the Geologist has 
repeatedly insisted. The following table extracted and condensed 
from the same source establishes the assertion. The pressures 
are those attained by the wells after they have been closed for one 
minute. 

GRAPEVIILE— TABLB OF MINUTE PRESSUKES. 

Well. Depth. At April, Dec, May., Nov., Dec, Jan., Feb., 
feet, first. 1889. 1889. 1890. 1890. 1890. 1891. 1891. 

Klingensmith.llOO 460 390 250 180 100 95 75 65 

Henry 1133 460 380 260 170 105 100 75 70 

Moon 1149 460 390 260 175 100 95 75 65 

Meno8inger...l466 410 390 240 170 95 85 55 40 

Kipple 1360 260 260 260 165 100 95 75 65 

Byers 1350 125 — — — — — — 60 

Agnew 1420 75 — — — — — 65 65 

This loss of pressure and consequently of gas in less than two 
years, points unmi8taka])ly to one conclusion — the disappearance 
of high pressure gas before long and the sinking of the great 
gushers to low pressure wells. They will then probably be very 
durable and the rate of diminution will itself diminish. Though 
useless for manufacturing purix)ses, they may still be very valu- 
able sources of gas for domestic consumption. At the same time 
it is quite possible that even this hope may be disappointed and 
that the pressure will run so low as to yield practically nothing. 
This is indicated by the fact that the rate of diminution is at pres- 
ent nearly constant as is shown by the following table: 

RATE OP DIMINUTION OF PRESSURE PER DAY.* 

From April 29, 1889 646 days 321 lbs. 0.5 lbs. per day 

" Dec 16, 1889 413 " 188 " 0.455 " 

" May 26, 1890 252 " 107 " 0.4 " 

" Nov. 3, 1890 91 ♦* 36 " 0.4 ** 

" Dec. 1, 1890 63 " 30 " 0.48 »» 

•* Jan. 6, 1891 28 " 7 " 0.25 " 

Professor L. points out that this falling off indicates that the gas 

• In borrowing this table we have taken the liberty of correcting a Hlight mistake in 
Prof. Lesley's calculation by which he htui brought out the diminution much too high. 
The laet figures may be doubtful. 
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issues under the force of its own expansion and not by h^'drostatic 
pressure. If this is really the case, we must, as said above, an 
ticipate a steady falling off in the rate of diminution until it lie- 
comes practically constant and the well becomes a low-pressure 
source of gas. 

The following deductions are of great economic importance: 

"The steady decline in pressure from 390-380 lbs. on April 20, 1889 to 
65 lbs. on February 2, 1891, predicts a speedy extinction of the use of 
natural gas at the Cambria Iron Works." 

***One of the wells at Grapeville was recently deepened to reach the 
^Gordon Sand* and a small quantity was found, but not enough to warrant 
any hopefulness of its maintaining the supply. A part of the works at 
Johnstown are yet supplied with natural gas from Grapeville, but it is 
weakening so fast that we supplement it with artificial gases.*" Feb. 
26. 1891. 

Again : 

"At the Cambria Works we are using the Archer oil gas to take the 
place of the natural gas and find this a very good substitute. The Archer 
process consists in vaporizing oil and mixing steam at a very high heat 
with the oil. We have also opened our mines again and are using coal 
in a great many sections of the works." March 13, 1891. 



8rpi»osED Trenton Fossil Fish. 

During the past few months several notices have appeared of a 
discovery of fish fossils in lower Silurian ( Ordovician ) rocks in 
Colorado. At the recent meeting of the American Geological 
Society, Mr. Walcott, of the T^. S. Geological Survey, exhibited 
some of these, and gave a few notes on the mode of their occur- 
rence. They are found in a red sandstone, more or less mottled 
with white, and in a calcareous laver of similar color near Canon 
City, and were first collected by Mr. Stanton two or three years 
ago. They consist of a few entire plates and innumerable frag- 
ments, mostly white or reddish ; and of long and apparently 
articulated columns reminding the observer of crinoidal stems. 
They are referred by Mr. Walcott to various kinds of fish and he 
has named several of them in accordance with this view. Thus 
one of them has received the designation of llolopiycMus f 
amcricanm ( preoccupied ])y Ijcidy many yeai-s ago ), another that 
of AstcrohpU! desidvratn, while a third is styled Palachimwrn 
prisca. 

These statements are of course surprising to the palajntologist. 



Edit on nl Cnmnwut, YIS) 

though he is full}' prepared tx) see the earliest vertebrate life car- 
ried downward through the pala?ozoie rocks far beyond where it 

4 

is now known. But each step in the progress must be taken only 
after the most careful and thorough investigation and on the 
most satisfactory evidence. 

In regard to the stratigraphy. Mr. AValcott has apparently ex- 
amined the locality with great care, and has accumulated a large 
mass of evidence. Assuming the correctness of his observations 
there appears to be little room for doubting his conclusions. No 
ground exists for suspecting an overthrow or inversion of the 
strata, and some of the fossils as named by Mr. Walcott, though 
not exhibited, are of undoubted Ordovician ( lower Silurian) age. 
Such fossils, according to the author, are found lK)th alwve and 
below the beds containing the supposed fish remains. It is not 
<»a.sy therefore, on the assumption of these facts, to impugn the 
accuracy of the stratigraphical conclusions.* 

But in regard to the palaeontology the evidence is less satis- 
factory. There is no doubt that some of the specimens exceed- 
ingly resemble fish plates, as fish plates occur in the Catskill rocks. 
But it is not to Catskill species that a likeness would be expected, 
i)ut to others more nearly approaching in date the epoch in ques- 
tion. Such species are those composing the genera Fteraspu^ 
CyathasjrU, Pahtnixpis^ Diplnspis, etc. , and to these the fossils 
exhibited by Mr. Walcott bear not the slightest resemblance. 
The plates alx>ve mentioned certainly simulate the scutes or 
scales of certain Devonian and later fishes. But we may strongly 
insist on the deceptive nature of such merely external chamcters 
and ask for other evidence, before accepting the ichthyic nature 
of the fossils. 

In this respect Mr. Walcott's paper was disappointing, inas- 
much as it contained no proof of his proi)osition that these 
plates are the remains of fish. We must, however, await the ap- 
pearance of his memoir before coming to a decision on the ques- 
tion. But it would have l>een more satisfactory to the pal«i-ich- 
thyologist had he learned at least the nature of the evidence. 



♦The paheontologist will feel some surprise at finding Ilnlyntca rate- 
niUatus mentioned amoa^ this fauna. Though this species has been 
reported from the Lower Helderherg ( see p. 7 of the 2nd. Geol. Sur. of 
Pa.) yet its occurrence so low as the Trenton is scarcely less surprising 
than the presence of fish. 
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Mr Walcott's claim that his fossils though of Lower Silurian 
age yet resemble those of Upper Devonian strata, will doubtless 
be subjected to criticism, but the fact must ])e lx)rne in mind that 
in several parts of the continent of Europe the fish are distinctly 
Devonian in type, though the molluscan fauna indicates Upiter 
Silurian age. This combination is of course very different from 
finding similar fossils in Lower Silurian strata, but may serve in 
a slight degree to lessen the incongruity. 

Microscopic examination was not reported. This lack is to be 
regretted inasmuch as such evidence is really of the first import- 
ance. We hope that it will be supplied later. 

In addition to the plates already mentioned, Mr. Walcott ex- 
hibited certain crinoid-like objects which he believed to be noto- 
chordal or at least to indicate a spinal column. In our opinion, 
however, their appearance does not warrant such a reference, and 
the ichthyologist will feel grave doubts regarding the preser\'ation 
of such objects from so low an horizon. Further examination 
will, we think, result in a change of opinion. 

Man and the Mammoth. 

Amonj; the most interesting exhibits at the recent meeting of 
the International Geological Congress, was that of M. Max 
Lohest of Li^ge, Begium. Although unfortunately M. Lohest's 
paper was crowded out, and consequently the members had not the 
advantage of hearing it, yet his photographs and pamphlet were ex- 
amined by several of those who combine archaeology with geology. 

M. Lohest's paper read bsfore the Anthropological Con- 
gress gives an account of his investigation of the grotto of Spy, 
near Li^ge, on the property of the Count of Beauffort. In this 
cavern M. Lohest found under a thick bed of rubbish and fallen 
fragments of limestone, three distinct ossiferous beds. The 
uppermost of these was in part stalagmitic, and contained a few 
bones of an undetermined species of deer, a bear's tooth, and 
some pieces of the bones of the mammoth. Beside these and 
mingled with them were great numbers of flint implements of 
various p.itterns, some of them resembling the type known as 
''Mousterian," from the cavern of that name, and others are like 
those found in the well known Kngis cave, in Belgium. Some 
are notched like saws and of very thin and delicate workmanship. 
They consist of scrapers, points, blades, knives, etc. , worked on 
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one face, some apparently intended to be set in handles and 
others not. 

No instruments of bone or of ivory were found in this upper 
layer and the flints are mostly covered with a white or bluish 
patina sometimes very thick. 

Under this stalagmitic layer was a second ossiferous bed, 
usually red from the presence of iron ore, many fragments of 
which were found. 

Here occurred the following fauna: 

Rhinoceros tichorhinus, abundant. 

Equus caballus, ( horse ) very common. 

Sus scrofa ( pig ). 
Cervus elephus ( red deer). 

" canadensis? ( elk). 

** megaceros ( Irish elk). 

" tarandus ( reindeer). 
Ovis arles ( sheep). 
Bos primlgenius ( bison). 
Bos prisons ( aurochs). 

Elephus primigeulus ( mammoth ) very abundant. 
Ursus spelteus ( cave bear ) scarce. 

Meles taxus ( badger). 
Canis vulpes ( fox). 
Canis lupus? (wolf) familaris? (dog). 
Mustela folna ( weasel). 

Hyena speloea ( cave hyena) very abundant. 

Felis speliua ( cave lion) a few teeth. 

Felis catturs ( cat). 

These determinations arc due to M. Fraipont, professor of 
palaeontology at the University of Liege. 

• Numerous hearths were also found on this layer composed of 
stones, and containing burnt wood and ashes. 

The materials used by the old inhabitants of this grotto were 
flint, phthanite, sandstone, chalcedony, opal, ivory, bone and horn, 
and the total number of implements obtained was very large. 
There are 140 ** mousterian' points, most of them thick at the 
base and not intended for setting in handles, whose average dimen- 
sions are 4 inches long by 8 inches wide; a number of fine flakes 
and awls, and arrows or dart heads, of very fine workmanship, 
and some of them 5 inches long, resembling in type the **solu- 
trean'* implements of the Dordogue, a single small core from 
which flakes have been taken, and numerous blocks rejected on 
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account of some defect after a flake or two had been struck off, 
and 300 scrapers of various sizes and types. 

Implements etc. , of ivory were more numerous in this laj'er 
than in any other known cave in Belgium. Chips were so abun- 
dant as to form a breccia in one place. The objects found were 
for the most part for dress or ornament, and the material had often 
degenerated into a chalky substance. Many of them were un- 
flnished or the different stages of manufacture were revealed. 
Some of them were marked with striation as was also the case 
with the implements of horn and of bone found with the ivorj'. 
On a rib of the mammoth or rhinoceros was found a series of 
*< circumflex accents " ranged one above another, of which a figure 
is given in the pamphlet. One hollow horn was filled and stained 
with iron oxide, and is supposed by M. Lohest to have been a 
receptacle of this material for coloring the persons or the imple- 
ments of the cave men. These with four fragments of potterj', 
found by another investigator, complete the list of relics from the 
second ossiferous la^'er. 

The third contains a fauna so far as it goes, identical with that 
of the second bed. 

Rhinoceros tichorhinus, abundant. 

Equus caballus, ver}' abundant. 

Cerviis elephus, rare. 

Cervus tarandus, very rare. 

Bos primigenlus, common. 

Elephus primigenius, common. 

Ursus speljpus, • rare. 

Meles taxus, rare. 

Hyena spehva, abundant. 

In this bod. however, were found as in the other, abundance of 
flint implements, but somewhat differing in form and material 
from those al)ovo mentioned. The great interest of this laver, and 
indeed of the whole find is the discovery not only of the works 
of man, but of man himself, in the form of two partial skeletons, 
one skull of which is nearly perfect. This of course forms the 
central i)oint of M. Lohest's paper, and he justly goes into detail 
concerning it. We will condense his account written by Dr. 
Fraipont. 

" The human relics belong to the most ancient fossil race, that of 
Neanderthal or of Canstadt. The skulls, fairly complete, present all the 
ethnic characters of that race, whose remains are known from France, 



Remeio of Recent Geohglcal Literature, 183 

Italy, Austria, Germany and Sweden. Hitherto only a single jaw has 
<been obtained from a cave ( Naulet*e ) in Belgium/' 

One of these skulls is apparently that of an old woman, the other that 
of a middle-aged man. They are both very thick. The former is clearly 
dolichocephalic ( index 70), the other less so. Both have very promi- 
nent eyebrows and large orbits with low retreating foreheads, exces- 
sively so in the woman. The lower jaws are heavy, the older has almost 
no projecting chin. The teeth are large, and the last molar is as large 
:as the others. These points are characteristic of an inferior and the 
oldest known race. 

The bones indicate, like those of Neanderthal and Naulette, small 
-square shouldered individuals.*' 

M. Lohest adds: 

" The skeletons from Spy are one of the most important discoveries 
:relating to the oldest known race of men." ** The cave shows three 
ossiferous layers, and remains of the mammoth occur in all three." 
'^ Stone implements chipped only on one face indicate the * mousterian ' 
type of industry." 

** The relics of the three layers indicate an advance in the character 
•of the workmanship." 

^ The second layer by its association of chipped tools with ornaments 
•of ivory and bone shows its close relationship to the * mousterian ' type, 
and at the same time is free from all suspicion of accidental mixture." 

** The study of the bones of the lowest level proves beyond doubt that 
the earliest race of men as yet known in Belgium, had a skull of the 
type of * Neanderthal ' and used instruments of the * mousterian ' pat- 
tern." 

In the above discover}' we have at last clear and indisputable 

traces of the men whom up to now we have known almost entirely 
by their tools. A few disjointed bones not free from suspicion, 
are now fortified by evidences that cannot be gainsaid, and the 
old Canstadt or Neanderthal race stands before us as an extinct 
but real ancestor. 



EEYIEW OF EECENT GEOLOGICAL 

LITEEATURE. 

Congrh Geologique IntertMtionuL Compte rendu de la A^me Session. 
London, 1801. This volume, which appeared in America but a few days 
4)efore the opening of the fifth session of the international congress, 
•consists of four parts and four appendixes. It has six geological maps and 
eighty figures ; also a plate of five profiles through the crystalliae schists 
of the western Alps. Part I. is a historical account of the Congress and 
its origin. Part 11. embraces the daily record of the meetings of the 
Congress. Part III. the most important and valuable, embodies the 
•actual new work which was transacted by the Session. Here are papers 
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on the crystalline schists by Hunt, Heim, Lory, Lehmann, L^vy, Lawson,. 
Fowell, Irving, Chamberlin, Van Uise, Becker, Dutton, Lossen, and 
Reusch, followed by synopsis of the discussion on the same by many of 
the attending geologists. Following these are miscellaneous discussions 
of the classification of the Cambrian-Silurian-Taconic, or primordial 
rocks of the world, and of the Tertiary and Quaternary. Part IV em- 
braces extended papers on the geology of the different portions of the 
British islands by Hicks, Marr and Tiddeman, Strahan and Reid, 
Fox-Strangways and Lamplugh, and Reid, and shorter notes 
by Topley, Drew, Goodchild, Blake, Woodward and Winward — 
all grouped under the general title *' Explication des Excursions/* 
Appendix A consists of the report of the American Committee on classi- 
fication and nomenclature, the reporters being Frazer, Winchell, Wil- 
liams, Stevenson, Cook, Smith, Cope and Hitchcock. Appendix B is the 
report of the British sub-committees made to the third session of the 
Congress at Berlin in 1885, distributed at that time separately, but 
omitted from the Compte rendu of the session. It now appears as a 
" second edition," with an explanatory " review of the position " by T. 
McKenny Hughes, the separate reporters being Woodward, Reid, Gard- 
ner, Jukes-Browne, Topley, Iluddleston, Blake, Irving, Morton, Strahan 
and Marr. Appendix C is the report of Prof. Dewalque, secretary of the 
international committee on unification of nomenclature, in which he says 
that no national committee, except that of the United States, had rendered 
any report to the general committee. He calls attention specially, and fa^ 
vorably, to the recommendation of the American committee respecting the 
nomenclature of the lower paleozoic, viz: Taconic for. the primordial, 
Cambrian for the second fauna, and Silurian for the third fauna. At 
another time ( in the discussion of the classification of the Cambrian- 
Sllurian-Taconic, p. 227,) Prof. Dewalque commends the conclusions of 
the American committee in the following terms: 

Les reunions pr^c(5dentes du cong^^s et de la commission de nomencla- 
ture ont montr(5 qu' une tr^s-grande majority de g^^ologues est favorable 
il une division en trois parties; on constate le meme fait aujourd'hui. 
Pour ces parties on a proposC* les noms Cambrien, Ordovicen et Silurien. 
L'orateur ne pent Otre consider^ com me hostile A I'Ordovicen car il a 
eu I'honneur de le patronner dans la commission, qui Ta admis. Toute- 
fois, dans son rapport pour le congr^s de Berlin,«il a cru devoir 
tenir compte des revendications produites en Am^rique au sujet du 
Taconique de M. Emmons. Les controverses qui se sout produites 
depuis lors aux Etats-Unis auraient pu faire hesiter un g<?ologue comme 
I'orateur, qui n' a jamais vu ce pays; mais la lecture du rapport du 
comit^ Am(3ricain suftit, tl ses yeux, pour lever tons les doutes, et le nom 
de Taconique a pour lui la priority* et a droit tl d<?signer la division in- 
f^rieure. La division moyenne est le Cambrienne, la supdrieure reste 
Silurienne. Cela contrariera quelques usages, mais cela a d^autres^ 
m^rites sur lesquels Torateur nMnsiste pas. 

L'honorable M. Walcott acombattucette division,propos^e par ses com- 
patriotes; mais son argumentation ne parait pas irrefutable. L^orateur 
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tidmet Yolontiers que M. Walcott ait d^couvert une riche s^rie de fossiles 
de la faune seconde sur certains points du territoire appel^ Taconlque, 
mais ce progr^s dans nos connaissances ne pent avoir dUnfluence sur la 
•question. Ce qUl faut savoir, c'est la position rdelle du Taconique 
•d*£nimon8. Or, il semble incontestable que c^est une s^rie tl faune 
primordiale. Si ce nom doit §tre conserve?, il ne pent Otre appliqu^ qu' 
k ce que Ton proposait d'appeler Cambrien. II faut le conserver parce 
qu'il a la priority. L'orateur ajoute volontiers qu' il sera charm^ de voir 
rendre cet hommage d la g^ologie Americaine, laquelle nous a appris 
tant de choses sur le grand ensemble de couches dont nous cherchons 
la meilleure classification/* 
Appendix D contains lists of the members of the congress. 

Meaozote and Cejwzoic f&rmatiojis ofenntern Virgin tn and Maryland. By 
N. H. Darton, U. S. Geological Survey. Bull., G. S. A., vol. li, pp. 431- 
450, with a map and sections; April 14. 1891. The formations here 
described, successively separatad from each other by erosion intervals, 
are the Potomac, of late Jurassic or early Cretaceous age; the Severn, of 
later Cretaceous age, being the southern extension of the New Jersey 
greensand series; the Pamunkey, of Eocene age; the Chesapeake, be- 
longing to the Miocene period; the Appomattox, referred provisionally to 
the Pliocene; and the Columbia, regarded as early Pleistocene. 
It is ascertained that the transverse depressions of the coastal 
plain region were first excavated during the interval between the 
Chesapeake and Appomnttox formations; for the earlier members of 
the series bear no marks of transverse drainage. At a later date, the 
Appomattox and Columbia formations were separated by an epoch of 
great uplift and erosion. "This epoch,*' according to Mr. Darton's 
observations, "differed from its base-leveling predecessors hy greater rela- 
tive emergence and consequent stream-action which developed the greater 
part of the present physiography of the region. This erosion deepened 
and greatly widened the transverse drainage depressions, and trenched 
the side drainage depressions, cut into the edges of the terraces to an 
extent gradually increasing northward fromNorth Carolina, and in north- 
ern Maryland resulting in the removal of wide areas of the coastal plain 
formations, especially he Chesapeake and Appomattox." 

On the TriasHtc of MassaehaaettH. By Benjamin K. Emerson. Bull., 
O. S. A., vol. il, pp. 451-456, with a map; April 23, 1891. Marine currents 
probably produced by tides of the bay of Fundj' type, are shown to have 
distributed arkose from south to north, derived from the granites and 
schists along the west side of the Triassic bay or estuary in Massachu- 
setts; and on the east a strong ebb current spread a coarse conglomerate, 
transporting Its materials from north to south. In more ((uiet water 
along the central part of the basin, sandstones and shells were deposited. 
An artesian boring at Northampton passes through the arkose to a depth 
of 3,000 feet. Professor l^nierson finds evidence of mouoclinal faultin^^ 
with upthrows on the east side of the faults, like the structure discovered 
by Davis In the continuation of this basin in Connecticut. 
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GlftcifU gtoocen at the southern ttmrgin of the Drift, By P. Max Foshay 
and Richard R. Hicb, Bull., G. S. A., vol. ii, pp. 457-464, with a plate 
and one figure in the text; April 27, 1891. This Interesting paper des- 
cribes the terminal moraine, kames, terraces, potholes, and glaciated 
rock surfaces near the drift margin, in the valley of Beaver river, north- 
western Pennsylvania. Powerful glacial erosion is shown two miles or 
more south of the terminal moraine mapped by Lewis and Wright, upoa 
the area of *'the fringe** of frequent boulders, which extends some miles 
in front of the moraine in this neighoohood. 

Post-plehtocene subsidence versus ghwinl danis. By J. W. Sp£ncer. 
Bull., G. S. A., vol. ii, pp. 465-476, with a map; April 80, 1891. Shortly 
before the deposition of the glacial drift, there is shown to have been an 
elevation of the drift-bearing areas over 8,000 feet higher than now, and 
probably for a brief time to over 5,000 feet. Succeeding this uplift, the 
author believes that a subsidence of the land carried it so far beneath 
the sea level that the now raised beach lines partially surrounding the 
great lakes of the St. Lawrence were shores of the ocean. Recent 
emergence of the land, aocording to this view, is recorded by the suc- 
cession of these beaches at different levels; and the alternative explana- 
tion which attributes the beaches to glacial lakes of fresh water dammed 
by a receding ice-sheet is disputed. A reprint of this paper, with slight 
changes appeared in the June number of the Geological Magazine. 

On the GeoUtgy of Queher and encirons. By Henry M. Ami, of th« Geo- 
logical survey of Canada. Bull. G. S. A., vol. ii, pp. 477-502, with seven 
sections; April 80, 1891. The intricate and much debated structure and 
relations of the Cambro-Silurian terranes of Quebec and its vicinity are 
here carefully discussed, with lists of the fossils collected in numeroua 
localities by the author and others. Mr. Ami advocates the retention of 
the name Quebec group, and considers the group to comprise three 
natural and well-marked parts, lying next below the Trenton limestone 
in the following descending order: The Quebec, or upper division; the 
L^vis or middle division: and the Sillery or lower division. The rocks 
thus grouped are referred by Selwyn to the Hudson-Utica horizon above^ 
instead of below, the Trenton. 

l^ome New Speries of Crinoids ond Blastoids. By Prop. R. R. Rowley 
and Sid. J. Hare. In The Kansas City l<cientiHt for August 1891, we 
have what is practically a continuation of the paper on Some New Species 
of Echinod^nnata by the same authors in the same magazine for July. 
The present paper contains descriptions of twelve new species, all of 
which are illustrated by figures drawn by professor Rowley. 

Adcnnce sheets from the 17th Report of the Geological Survey of th£ State 
of Indiana, Prof. S. S. Gorby, State Geologist. PaUf ontology. By S. 
A. Miller. Mr. Miller's contribution to the 17th Report of the Geologi- 
cal survey of Indiana, embraces 95 pages of text, and 20 plates with ap- 
propriate descriptions. 130 species of fossils are described, and of these 
126 are new. The paper opens with remarks on the geologic formations 



Hevle^c (>f Recent Geologiisal Literature, 187 

of Indiana. The lower part of the Niagara group, in Indiana, is char- 
acterized by the presence of the remains of cystideans; while the upper 
part abounds with crinoids, brachiopods, br}'ozoa and other fossils." 
Most of the cystideans belong to the very variable genus HoloeyBtites, 
It is stated as a fact worthy of note that half of all the species of cysti- 
deans known from America occur in the Hudson River and Niagara 
groups of Indiana. There are remarks on the scientific value of fossils 
and on rules for nomenclature. 

Of the fossils described there are three species of sponges, and from the 
head lines it would appear that Mr. Miller stands with Saville-Kent, in op 
position to the views o( a majority of competent zoologists, in referring 
sponges to the sub-kingdom Protozoa. There are twelve species of 
corals, one of which, the I^ptopara gorbyi, n. s., is doubtfully referred 
to the Tabulata. Seventy-eight species belong to the Echinodermata , 
mostly cystideans and crinoids. Of the genus Holocystite^ alone 
there are fifteen species. 

Among the echinodermata the following new genera are proposed: — 
Stribalori/stiteit, Zophoerimt^ and BlairocrinuH. Among sponges there is 
one new genus, Cydospongia. 

The remaining genera and species embrace a few species of brachiop- 
oda, one Conularia and a number of moUusca. The Pleurotomaria liarii, 
page 83, Plate XIV., Figs, 3 and 4, might properly and profitably have 
been compared with P. rurbonano, N. and P., and P. neicptyrtensis White. 

Second AnniuU Jieport of tlie Geological Survey of Texan^ 1890, E. T. 
DuMBLE, F. G. 8. A. State Geologist. Carboniferous Cephnlopods, By 
Alpheus Hyatt. The paper on Carboniferous cephalopoda by professor 
Hyatt embraces pages 329 to 356 inclusive, in the Second Annual Report 
of the Geological Survey of Texas. The forms described were collected 
in part by the Geological Survey of Texas, part belong to the National 
Museum, and a few belong to private individuals whose names are 
given in connection with the specific descriptions. The genera represen- 
ted are divided between the Nautiloidea and Ooniatitime, To the first 
group belong Temnochfiltts, represented by five species; MeUicoceras, by 
five species; l^ainoceras, one species; Domatoceras, a new genus to which 
is referred one species; Aaymtoc^ras, one species; Phieoceras, one; 
Ephippioceras, one; and EndohbuSj one. To the Goniatitinae belongs the 
genus Gastrioceras which is represented by the new species G, compres- 
%unh. As stated in the prefactory note the paper comprisesa larger num- 
ber of species of Carboniferus cephalopods than had previously been 
got together in a single publication. Excellent outline figures ac- 
company the descriptions* 

In the Second Annual Jieport of the Ge^dogical Survey of Texas, page 552, 
professor W. F. Cummins describes a very beautiful and interesting little 
coral from the Carboniferous strata of Texas, under the name, Uadro- 
phyllum aplatus. U, aplatus is certainly very closely related generlcally to 
Microcyelus discus Meek and Worthen, and it is possible that this last 
species will have to be referred to lladrophyllum. Six good figures 
illustrate Prof. Cummins* species. 
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LIST OF RECEXT PUBLICATIONS. 

T'. Foreign Publications. 

Records of the Geological Survey of New South Wales, Vol. II, Part 
8, contains: Notes on a Collection of Rocks and Minerals, from Mount 
Morgan, near Rockhampton, Queensland, collected by Mr. C. S. Wilkin- 
son, by T. W. Edgeworth David, and William Anderson. With an intro- 
duction by C. S. Wilkinson. Laboratory' Notes on some N. S. Wales 
Minerals, by J. C. H. Mingaye. On the Occurrence of Microscopic 
Fungi, allied to the Genus PaUfachlya Duncan, in the Permo-Carbonif- 
erous Rocks of N. S. Wales and Queensland,* with Plate VII, by R. 
Etheridge, Junr. The Associated Minerals and Volatility of Gold, by T. 
W. Edgeworth David, B. A. Analysis of Samples of Coal and Coke, 
manufactured from the various Coke-producing Coals in the Northern, 
Southern, and Western Coal Districts of N. S. Wales, by J. C. H. Min- 
gaye. Note on Mr. J. C. H. Mingaye's Analysis of N. S. Wales Coals and 
Cokes, by T. W. Edgeworth David, Lepidod^ndron australe M'Coy — Its 
Synonyms and Range in Eastern Australia, l>y R. Etheridge, Junr. 

Ecloga? geologicjv Helvetia*, Vol. II, No. 4, contains: Revue geologe- 
que Suisse ponr 1890, Favre et Schardt; Programme des Excursions 
d'aout 1891 dans les Prealpes romandes, avec pi. 9-12. 

Mittheil. d. Naturforsch. Gesell. in Bern, contains: Notizen nber den 
Lias von Lyme Regis, J. B. Thiessing. 

Annalen K. K. nat. Hof museums. Band VI, No. 2, contains: Meteor- 
eisen-Studien, Cohen u. Weinschenk; Die Gasteropoden derSchichten 
von St, Cassian der sUdalpinen Trias, Kittl; Ueber Nephrit und Jadeit- 
gegenst^nde aus Centralasien, Haberlandt. 

Fold. Koz. (Budapest), Vol. XXI, Nos. 4 and 5, contains: Awaruit. ein 
nickeleisen-mineral, Szabo; Beitrage zur Foraminiferen-fauna der 
Alttertillren Schichten von Kis-Gyor, Kocsis. 
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The so-called sand-dunes of East Hampton, L. I.— In a letter re- 
ceived from Geo. R. Ilowells, of South Hampton, of date January 21 , 
1886, my attention was called to certain sand ridges at East Hampton, 
L. I. The writer said: " Were you aware, I wonder, of the existence of 
two sand dunes, like small amphitheaters in f«rm, right along, or in the 
midst of the richest farm lands a mile from the present shore line — per- 
haps not quite a mile — in the outskirts of East Hampton? These are 
veritable sand dunes of white sand covered with a growth of ordinary 
beach grass, and a geological puzzle. If we could say they were de- 
posited there by a cyclone, it would shorten matters, but we can't, and 
there is a difficulty in holding that they are signs of an old beach line. 
It is with me a standing puzzle." 
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The study of the drift phenomena, on the west end of the island led 
me to suspect that the sand dunes in question were formed by subglacial 
■streams issuing from the front of the ice-sheet that stretched along the 
Atlantic border during the Ice Age. It was not until last July, however, 
that I had an opportunity of visiting the place in person, and it was 
gratifying to find my conjecture confirmed by actual observation. The 
sand dunes referred to are really kame formations. This can be seen at 
« glance by any one familiar with glacial phenomena. Similar formations 
occur along the whole extent of the south side of the Island; but in 
general they are not quite as well defined as those at East Hampton. 
The so-called sea beaches in front of our bays, as at Rockaway, Great 
South beach, etc., are the same in origin. This hardly seems possible, 
but the more this phenomenon is examined the more evident the fact 
becomes. There is a beautiful system about these beach or kame 
formations, and their study had led me to suspect, some years ago, that 
the system extended for miles beneath the waters of the sea, and it was 
A'ery gratifying to find this view partially confirmed by Prof. Agassiz. 
In his Life and Correspondence, edited by his wife, page 448, in a letter 
to Elie DeBeaumont, he says: ** Mr. Dezor recognized all the modifica- 
tions of the osars of Scandinavia. The deposition of the osars, as seen 
here, is evidently due entirely to the action of the waves, and their 
frequency along the coast is a proof of this. In a late excursion with 
captain Davis, on board a government vessel, / learned to nndentand the 
mode of f formation of the anhnuvrine dtlrs bordering the roant at rarious di8- 
.tances, whirh irotdd he OHam were they eletated.''^ The italics are our own, 
as the statement seems to confirm what I had conjectured, but I think 
Prof. Agassiz is in error in regard to their origin. Prof. G. P. Wright 
and others who have studied these kame -deltas along the southern front 
of the terminal moraine, in New England, as well as in Long Island, could 
;8ee that these formations — osars— as Prof. Agassiz calls them, are not 
the result of wave action, but are due to subglacial currents issuing 
from the front of the glacier. At Montauk, for a distance of some 
twelve miles, the waves of the ocean break directly upon the base of 
the ridge or terminal moraine. At this point the whole south side of the 
Island has become submerged, and we can readily imagine what the 
floor of the ocean is like some distance from the present shore line. 
The sea is evidently gaining on the land along the whole extent of the 
Island, and it is only a question of time when the whole plain, south of 
the central ridge, will be washed away, unless something is done to 
•check the inroads of the sea. If this invasion of old ocean has been 
going on for the past ten thousand years, the south side of the Island must 
have been at one time much more extensive. There is evidence to show 
that at South Hampton, two hundred years ago, the shore line was at 
least half a mile farther south. At the same rate of erosion four hun- 
dred years would bring the waters of the sea over the so-called sand 
•dunes at East Hampton, and these osars or kame-deltas would become 
the submarine dikes referred to by Prof. Agassiz. It is true that the 
waves of the sea would somewhat modify the contour of the plain in 
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the process of submergence, but there is no doubt but that the same sys- 
tem of ups and downs would exist as now characterizes the south side of 
the Island. 

There may be some other explanation found for the formation of the 
beaches at East Hampton, but as I stood on their summits and looked 
northward, the old lines of drainage from the moraine to the sea were 
plainly traceable, and I am very confident that they are glacial in origin. 

The study is full of interest, as much so as the coral formations of 
tropical shores, as remarked by Prof. Bhaler, and many problems con- 
nected with it remain to be solved. Future discoveries, I think will 
prove that oscillation has had little to do with the formation of either. 

Eastport, L, I., AnguM .9, 1S91, John Brtson. 

Viejo range of Nicjiragiia, I have just arrived here from an examina- 
tion of the 18 mile long volcanic mass, Viejo — in front or north of this- 
town — and found at a distance of about three leagues from the south 
base of its cones, fifty-six large springs of water issuing from fissures,, 
all along the south side, at eievatioBa of 40 to 80 feet above the Pacific 
ocean; also one spring of cool water fiowing from a mnall clay-bottom 
basin, at an altitude of about 4,000 feet above the ocean^ the highest 
cone, except one toward the west, which is 5,670 feet above the ocean. 

On the north side of the cerro are several ( 8 or 10 ) large springs of 
tepid water, two of which contain so large a percentum of CaCO, as to 
have deposited hundreds of thousands of tons of calcareous tufas — 
nearly pure— 6 to 18 inches thick. In many places in this tufa the lime 
has substituted organic matter in perfection so as to display the most 
delicate venation of leaves, molds of annelids and insects, the tissues of 
trees, etc. These springs on the north side of the volcanic mass, fiow 
into a tide-water estuary which extends for about 70 miles eastwardly 
from the gulf of Fonseca and " heads ^' at several springs of hot water,, 
at the N. £. base of the cerro, in a valley which extends for about 20^ 
miles eastward to lake Managua. I have drafted the skeleton for a. 
paper descriptive of this volcanic cerro. J. Crawford. 

ChirhiffHtpa^ NicaroguH^ 21th Jnne^ 1891, 



PERSONAL AND SCIENTIFIC NEWS. 



The Kansas City SriEXTisx for July, 1891, has a paper de- 
scribing Sfune lu'ic :<p(>('n's of Kvhiiupdvniuita^ by Prof. R. R. 
Rowley and Sid. J. Hare. A plate containing twenty figures^ 
drawn by Prof. Rowley accompanies the paper. Fifteen new 
species are described. The despairing pahvontologist is disposed 
to ask how many more new species of crinoids the Sulx^arbonifer- 
ous strata of the Mississippi valley are going to furnish! 

The T\niversity of Iowa has received from Prof. C. A. Whit- 
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ing, of the University of Deseret, a cast of a slab containing some 
undescribed footprints. The slab was first used as a door-step 
by a citizen of Salt Lake City. While serving ** such base uses '* 
it was discovered by Dr. John R. Park, president of the Univer- 
sity of Deseret and secured for the University museum. The 
casts were made by Prof. Ward, of Rochester. The tracks are 
three inches long and about three inches wide. There is in each 
the impression of three stout, clumsy toes, behind which is the 
imprint of a thick, well developed pad. The impressions of the 
fore and hind feet do not coincide, nor do they overlap to any 
appreciable extent. The stride of the animal was about eighteen 
inches. 

So far as learned from Prof. Whiting no description of the 
tracks has been published. The relations of the animal, and the 
geological horizon from which the slab was obtained have not 
been determined. 

In the Annals and-Maoazine of Natural History for July^ 
1891, Dr. P. Herbert Carpenter has a somewhat caustic review of S. 
A. ^WWev^ % Description of some Lower Carhoni/rrontt Cnnoidsfrom 
Missouri, published by the Geological Survey of Missouri, 
and Miller and Gurley's Description of some new Genera and 
species of Echinodermata from the (^oal Measures and Suhcarhon- 
iferous Rocks of Indiana, Missouri, and lowa^ published at Dan- 
ville, III. The papers referred to contain descriptions of six 
new genera and over ninety new species of Crinoids. In sum- 
ming up his review Dr. Carpenter expresses himself thus severely : 
'* Three at least, and probably four, of his [S. A. Millers] last 
six new genera of Crinoids would never have been proposed had 
he taken the trouble to make himself properly acquainted with 
the bibliography of his subject; and I suspect that quite half of 
his ninety new species will prove to be synonyms when they come 
to be revised. 

Careless and ill-informed authors of this class are the terror of 
systematists in all branches of biology. Their sole object seems 
to be the association of their names with as many ' new species ' 
as possible, and one's first impulse on seeing ' A Description of 
Some New Genera and Species, ' etc. , is to parody ' The Bogie 
Man,' and say with bated breath, 

* Hush! Hush! Hush! Here comes the species man.' '^ 

Dr. J. Kost in his preliminary survey of Florida discov- 
ered in the channel of the Ichetucknee river, the remains of six 
mastodons, an elephant, one camel, and teeth of two species of 
rhinoceros, with many bones of animals still living, in a higher 
deposit. Two of the mastodon skeletons are nearly perfect. At 
Heidelbei^ University, Tiffin. O. , the Polytechnic Department is 
engaged in making plaster of Paris restorations of these and of 
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all other extinct life types available, and will furnish them to in- 
stitutions at not over one- fourth the cost of originals. 

American Association for the Advancement of Science. Of the 
many papers read in the geological section during the late meeting at 
Washington, not all can be specially noticed. 

Dr. Foote, of Philadelphia, gave an account of the discovery of dia- 
monds in a meteorite from Arizona. In slicing the meteorite something 
hard was struck that destroyed the corundum wheel, and was only 
■cut with great trouble. On examination of the layers a nest of small 
black diamonds was discovered, and the mineral recognized by its in- 
tense hardness, A very small and clear cr>'stal was also found, but was 
lost during the operation. This, said Dr. Foote, was the first example of 
the occurrence of diamonds in an iron meteorite, though it had been 
twice reported from stony ones in Russia. 

Mr. Wm. Hallock related to the section the story of the deep boring 
now in progress at Wheeling. It was begun in the hope of finding gas 
•or oil, but when the depth of 4,500 feet had been reached without anj- 
success, the projector determined to abandon it and an order was given 
to that effect. Prof. I. C. White, of Morgantown. W. Va., hearing of this 
order and realizing the importance of the opportunity, set off immedi- 
ately for Wheeling, and obtained a countermand only just in time, as 
the contractor had already begun to draw the casing. He persuaded 
the owners to give up the well, which was entirely dry. for the purpose 
of scientific experiment. This they did and generously offered to con- 
tribute the amount needed to deepen the hole to 5,000 feet. The U. 8. 
government then agreed to furnish a new cable, and as soon as this has 
been received the work will recommence. 

According to experiments already made with the thermometer, appar- 
•ently with all due precautions, the result is new and unexpected. A rate 
was obtained below the 100 foot plane of IMn 90 feet, Increasing down- 
ward till at the bottom It amounted to l'^ In 60 feet. As this contradicts 
nearly all the data obtained elsewhere it Is more probable that some 
local cause of error or some exceptional condition prevails at the well, 
at least in its upper part, for the lower figures do not differ much from 
those obtained elsewhere. 

Prof. Lester F. Ward read two valuable papers on the plant life of the 
Trias and the correlation of strata by vegetable fossils. He showed that 
our knowledge of these organisms has been until lately, and Is Indeed 
even now to a less degree, too imperfect to allow of their use In the cor- 
relation of strata, but maintained that as the gaps in fossil botany are 
filled they will become available for the purpose in the same waj' as are 
now the remains of animals. He illustrated his point by tables showing 
the distribution of plants In the richer floras, especially in the Carbonif- 
erous and Mesozolc. He further dwelt on the Identity and dissimllai- 
Ity of the fossil plants found in the American Triassic basins, and ex- 
hibited tables givinsr the number of species peculiar and common to 
each. In conclusion Prof. Ward pointed out a few of the conclusions 
that could be deduced from the facts given. 
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Prof. Safford exhibited some bones of Megalonyx, lately found 
in Big Bone cave, Tenn. These he believed to be complementary 
to those described many years ago from the same place, by the 
late Dr. Leidy. Some of these, as in the former case, retained 
portions of cartilage indicating no very ancient date. In the 
account of this animal recently given in the pages of the Geol- 
ogist, it was stated that the pelvis of Megalonyx was unknown* 
As Prof. Safford's specimens showed the two iliac bones and a small 
part of one pubis the above statement is no longer true. 

Considerable discussion took place on the existence of the " Cincin- 
nati ice-dam," but little progress was made in settling this vexed ques- 
tion. In this connection we may notice another topic on which consid- 
erable difference of opinion was manifested, namely, the attitude of the 
continent during the Pleistocene era. The extreme party on one side 
advocated an elevation of 3,000 feet, and hinted that twice as much was 
possible, while the other party could see cause and evidence for no- 
changes of level so great. Testimony on this subject is coming gradu- 
ally to light, and the Pleistocene is assumln:^ a more and more complex 
character and history from day to day. Some deep borings, for example, 
one at Rochester, N. Y., and one at New Portage, near Akron, were de- 
scribed, the former by Prof. Fairchild, and the latter by Prof. Claypole. 
Mr. Van Hise presented a paper on the relations of the Algonkian and 
Archaean in the Northwest, and Capt. Sbufeldt one on the avifauna of 
Oregon, giving an account of some very large fossil birds. 

Several other papers of considerable interest by various authors, con- 
cluded an interestiug and useful, though not an eventful meeting. 

Geological Society of America. Following the Assoeiatioa 
or rather imbedded in it caihe the meeting of the Geological 
Society of America. A new and large deUichment of American 
geologists mustered to reinforce those previously present and 
work began again w^ith new energy but in a slightly different 
direction. Numerous foreign geologists also began to arrive for 
the Congress that was to meet in a (lay or two and great confusion 
of tongues prevailed in the halls and corridors. A very agreeable 
feature of these gatherings is the opportunity which they afford 
of seeing the faces and feeling the handgrasp of men with whom 
correspondence and community of employment have long made 
many familiar. 

A verj' fitting commencement of the proceedings was the read- 
ing of a memorial of the late president of the society by his 
brother, Prof. N. H. Winchell. This presented to the members 
an excellent sketch of the life and works of one of the most emi- 
nent geologists of this country, who did much to popularize the 
science among teachers and in the general community. 

A very valuable and closely condensed accouut of the geology of S. 
America was presented by Dr. Gustaf Steinmann of the University of 
Freiburg, Germany. In it was brought out the fact that the well recog- 
nized Glossapteris flora of Australia^ etc.^ also occurred in S. America^ 
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80 that the land over which this flora extended was wide enough to in- 
clude S. America. This gives a Mesozoic cast to the fossil Carbonif- 
erous flora of the greater part of the southern hemisphere and probably 
to some parts of the northern and indicates apparently, as Prof. L. F. 
Ward pointed out, that in or after the Permian period of glaciation the 
old cryptogamic and coniferous flora yielded to its more adaptive 
successor and retreated to the northward where it held its ground for 
awhile. 

The Carboniferous of S. America is in many places, said the speaker, 
covered with marine Liassic beds, often conformable and containing 
genera such as those of Europe. And the whole Mesozoic series is inter- 
calated with immense masses of volcanic material. 

Dr. August Rothpletz of the University of Munich, read an able paper 
on the Mesozoic formation at the £. Indian islands, Timor and Rotti. 
A rich Carboniferous flora is found there also characterized by 
Glossopteris, and the speaker indicated that .the . southern area had 
been long isolated from the northern so that passage either way was 
not possible. 

Mr. A. Harker, of Cambridge, England, read a learned but technical 
paper on thermometamorphism in igneous rocks. 

Prof. L. F. Ward presented a paper on the relations of the fossil plants 
of theTriassic in America, in which he pointed out with the aid of tables 
the nature of species peculiar and common to the different Triassic basins 
not known in this country. 

Mr. Joseph F. James gave a summary of the literature and history of 
Scolithus pointing out its little value in the classification of rocks and 
suggested that the species should be named from their horizon 
rather than the horizon from the species. 

A paper by Mr. R. A. F. Penrose, on the Tertiary iron ores of Ark. and 
Texas., gave the physical and stratigraphic details of their occurrence. 
Mr. Hay described some '^sandstone dykes*' in northwestern Nebraska. 

The evening was at first given to two papers on orographic geology. 
The first was read by Mr. Cadell of Edinburgh on some experimental 
reproductions of Scottish mountain structures and the second by Mr. 
Bailey Willis on the mechanics of Appalachian mountain structure. 
Both were illustrated by lantern views and were intended to show the 
production of faults and thrust-planes in strata under tangential com- 
pression. 

A series of beautiful and very instructive views of the Muir glacier in 
Alaska by Mr. Cashing closed the evening. These were shown by the 
lime light and formed a marked feature of the meeting to all who saw 
them. M. Cushing's estimate, it may be remarked, of the rate of motion 
of the glacier reduces the figures of Prof. Wright from 70 feet per daj' to 
7 feet and even to less, and he also stated that it had retreated a full half 
mile in the four years since Prof. Wright's visit. 

Ou Tuesday morning Dr. Fredrich Schmidt, of the Academy of 
Science, St. Petersburgh, read a paper on the Eurypterus l)eds of Oesel 
compared with those of N. America. 



k. 
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The Baron de Geer, of Stockholm, gave an interesting and valuable 
4iccount of the Quaternary changes of level in Sweden which elicited 
several remarks on their resemblance to contemporaneous changes 
in this country. He instanced several extensive oscillations be- 
fore, during or after the Gracia) era, during some of which great 
part of the country was below the sea and other parts reduced 
to the form of islands. Prof. Krassnof discussed the "black earth'* of 
southern Russia, and its resemblance to the soils of the American 
prairies. This elicited a discussion on the complexity of the problem of 
these soils, and the morning session closed with a short paper read in 
French by Prof. Stefanescu, of the University of Bucharest, on the 
occurrence of Dinotherium in Roumauia. 

Pres. T. C. Chamberlin in the afternoon summarized the standing of sev- 
eral of the theories which have been suggested to explain the occurrence 
of the Ice age. After stating that the hypothesis of Croll now fails to 
account for the phenomena, at least on this continent, he hastily sketched 
the theory of elevation as the cause of the cold, and offered as in his 
view most probable a change of the axis of the earth's rotation. In the 
discussion that followed some opposition was developed and it was 
apparent that the geologists present were far from agreement on the 
.subject, a result that might have been anticipated. 

The society was divided into two sections in order to render the com- 
pletion of the program possible. Papers on the drift and kindred 
subjects were read in one room and the rest in another. Mr. R. D 
^Salisbury mentioned the occurrence of the preglacial Orange sand 
of the Mississippi in Illinois and Indiana and at levels considerably above 
the present river, indicating the attitude of the country at that time. 
He also stated the occurrence of an older drift outside the so-called 
terminal moraine in New Jersey and referable to the earliest drift of 
which we have any knowledge. Mr. 8. suggested further that though 
we are accustomed to speak of two glacial eras, yet there may have been 
three, the earliest of which is represented by the deposits which 
he described, the second by the silt layer and the third by the mo- 
raine. 

Petrographical papers were presented by Mr. .J. F. Kemp and Mr.O. A. 
Derby. Mr. R. T. Hill contributed one on the geology of Texas and New 
Mexico and Mr. Winslow another on the condition of deposition of the 
Missouri Coal Measures. 

Prof. Safford exhibited some Interesting specimens consisting of the 
bones of a Megalonyx, from Big Bone lick, Ky. These he considered 
to be the remainder of the skeleton of the animal discovered by Leldy 
In his "Contributions." Like those some of them showed the remains of 
cartilage Indicating no excessively ancient date. 

In a short address Prof. E. W. Clay pole related the discovery of a deep 
preglacial channel previously unsuspected. It Is about Ave miles from 
Akron, O. The auger went down nearly 400 feet before the rock was 
reached showing that at this point the old river bed was cut down to 
the level of lake Erie though 40 miles distant. 
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The society is now in the third year of its existence and numbers more 
than 200 members scattered over the country from the Atlantic to the 
Pacific. Two volumes of transactions have been published embodying 
the results of researches in almost every field of geology. They may be 
obtained from the secretary. Prof. H. S. Fairchild, of Rochester, N. Y.,. 
to whom also should be addressed all applications for membership. 

A SPECIAL PARTY wlll study the Pleistocene of the southern 
coastal plain from Alabama to Mexico, leaving Washington im- 
mediately after the adjournment of the International Congress of 
Geologists. The party embraces the following: W. J. McGee,. 
E. W. Hilgard, Eugene Smith, J. A. Holmes, Lester F. Ward 
and Robert T. Hill. Subsequently the relations of the '* Trinity ' 
of Texas, and the <* Potomac" of Virginia, will be investigated 
in the field by Messrs. Ward and Hill. 

Op the ninety foreign delegates to the International Con- 
gress of Geologists present at the Washington session, sixty- 
three participated in the western excursion to the Yellowstone 
Park and the Rocky mountains. 

At the Meeting of the Committee of Organization of the 
National Association of Government Geologists, Saturday even 
ing, August 29, the secretary, Mr. Arthur Winslow, was instructed 
to draft a Constitution and By-Laws, to be submitted to the com- 
mittee at a meeting to be called in connection with the Annual 
meeting of the Geological Society in December next. 

The secretary was further requested to notify all State Geolo- 
gists of this movement towards organization, and to invite them 
to be present at the next meeting. 

Prof. O. C. Marsh has crossed the Rocky Mountains 
twenty-seven times, in quest of fossil vertebrate skeletons, first 
in 18G8, and remarked that he hopes to cross tbem as man}- times 
more. 

Prof. E. II. Barbour, Grinnell, Iowa, has accepted the pro- 
fessorship of geolog}' in the State University of Nebraska, at 
Lincoln. 

Dr. Theo. B. Comstock, of the Texas Geological Survey, 
has been ai)pointed director of the School of Mines, Tucson, Ari- 
zona. 

The basin of Itasca lake, which flows northward and is en- 
closed on all other sides hy morainic accumulations, w^as formerly 
filled by a lake of much larger dimensions. Mr. J. V. Brower, 
in his official report on the new Itasca park, established by the 
last session of the Minnesota Legislature, describes the valley, 
and ])roposes for the extinct lake, which doubtless subsided to 
the dimensions of the present lake on the withdrawal of the ice 
of the Glacial epoch from the region, the name <*lakc Upham," 
in recognition of the efficient work of Mr. Upham on the glacial 
geology of the state. 



THE 



AMERICAN GEOLOGIST 



Vol. VIII. OCTOBER, 1891. No. 4. 

BEECHERELLA A NEW GENUS OF LOWER HELD- 

ERBERG OSTRACODA. 

• By E. O. I'lrich, Newport, Ky. 

About the beginning of this year I was greatly pleased at re- 
ceiving from Dr. C. E. Beecher, of New Haven, Conn., a not 
only bountiful but an exquisitely preserved lot of Lower Helder- 
berg Ostracoda ; and in a few days thereafter another series of the 
same, scarcely less extensive and excellent, from my well-tried 
friend, Mr. Charles Schuchert. To both of these esteemed gentle- 
men I am under the greatest obligations because of their untiring 
efforts to aid me in my studies of these minute fossils. The 
extreme liberality with which they have supplied me with spec- 
imens, the picking out of which has doubtless consumed much of 
their time, is conclusive evidence of an unselfish desire to advance 
science that is as unusual as it is commendable. 

These Lower Helderberg specimens are all silicified and have, 
by the judicious use of acids, been freed from the hard, stony matrix 
that originally enclosed them. They are, therefore, unusually 
perfect in their preservation, and exceptionally adapted for 
detailed study. In these respects they are but little, if at all, 
inferior to the beautiful things washed out of the Falls of the 
Ohio **Bryozoa bed," some of which I described lately (Jour. 
Cin. Soc. Nat. Hist. Vol. XIII, 1890-91). 

In the ** introduction " to that paper I made some remarks on 
the distribution of the known American paleozoic Ostracoda, 
stating also that numerous forms may be looked for in our Upper 
Silurian and Carboniferous deposits. The truth of this predic- 
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tion, in the first case at least, has received almost startling confir- 
mation by these discoveries of Dr. Beecher and Mr. Schuchert; 
and in the second case a good beginning has been made by Dr. 
Herman Herzer, who recently sent me a quantity of shales and 
limestones, from the Coal Measures of Ohio, that are largely 
composed of the shells of Ostracoda. 

In the present paper I am obliged to restrict my observations to 
a small but very remarkable group of species, not represented, 
so far as we know, outside of the Lower Helderberg rocks of 
New York. They seem clearly to indicate a new genus that I 
propose naming BeechereUa, in recognition of the discoverer's 
paleontological labors. From a collector's standpoint, a striking 
feature about these species is the rarity of the individuals rep- 
resenting the six or seven distinguishable forms. Of only one 
have we as many as five valves, while of the others the number 
seen is three, two, or only one! 

The associated species, on the contrary, are in most cases 
numerously represented. Especially is this true of ^Echmtna, of 
which there are at least two species, probably identical with the 
English and Scandinavian ^E. bovina and ^E. cuspidata. Among 
the others we may mention Beyrichia^ Kloedenia, Bollia ( ? ), 
Jloorea, Bythocyprix^ etc. , each with from one to four or more 
species, and most of them, if not all, with more or less obvious 
relations to Wenlock species. But this bears upon a too impor- 
tant question — /. f^, the correlation of American and European 
strata — to permit of definite assertions previous to much more 
careful and detailed comparisons than I have yet found time to 
make. I am however now, through the kindness of Mr. G. R. 
Vine and Prof. T. Rupert Jones, fairly well equipped to enter 
upon such comparisons, and hope in the near future to undertake 
them. 

Beecherella, n. gen. 

Carapace small, elongate, boat-shaped to ovate, moderately' 
convex, more or less inequivalve. Dorsal margin varying from 
nearly straight to strongly convex ; back sometimes fiattened, with 
a sharpl}^ defined carina on one or both valves, giving them a 
triangular shape in cross-sections; in other cases the dorsal slope 
is merely convex. Antero-dorsal extremity acuminate, often 
drawn out into a long spine ; spine strongest on the right valve, 
sometimes absent entirely on the left valve. Posterior extremity 
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acuminate or rounded. Ventral edge gently convex, occasionally 
straightened in the middle. Hingement simple, the dorsal edge 
of the right valve especially somewhat thickened and in the central 
portion slightly overlapping the left valve. 

Type, BeechereUa cartnata, n. sp. 

Some of the species about to be described under this generic 
name deviate rather widel}' from the one selected as the type. 
Only one feature is common to them all — the anterior spine. 

The value of this character as an indication of true generic 
affinity may have been over estimated, and it is therefore possible 
that more than one generic group is represented. This is however 
a point that cannot as yet be determined, since, without more 
material of these and other species that sooner or later is certain 
to be discovered, it is not possible to pick out with certainty the 
really diagnostic characters. 

B. ovata may seem the farthest removed from B. carinafa, but 
B. suhtnmida is clearly an intermediate form, as is also B. cristatu, 
B. navicula and angular in, however, differ from all the others in 
this, that the anterior spine is a prolongation of the dorsal edge 
instead of the dorsal carina or of the anterior slope. It is here, 
perhaps that another genus is indicated. 

Respecting the position of BeechereUa I find myself quite 
unable to arrive at any satisfactory- conclusion. Many of the 
Cypridinidffi it is true, have an anterior spine or hook, but here 
the resemblance ceases. The thin shells of the Cypridae also are 
quite different, though one form of (^yprU has been described as 
having a front spine ( C. cornfgera, Jones Gcol. Mag. 1888, p. 
836, fig. la-f), and Bairdia occasionally presents resemblances. 
And then the Leperdltiukv, a family that already includes many 
odd forms, does not, so far as 1 can see, contain anything throw- 
ing light upon the question. At present, therefore, 1 am obliged 
to view BeechereUa as one of those groups of fossils, so frequently 
presented to the student of paleozoic paleontology, that baffle the 
most careful efforts of the systematist to classify successfully. 

BeechereUa carinata, n. sp. 

PLATE II, FIOS. 1-4. 

Size: a large right valve ; greatest length, 3.()0 mm.; greatest 
hight,0.77 mm. ; greatest thickness, 0.50 mm. ; length of anterior 
spine about 0. 65 mm. ; greatest length of valve at inner edge, 
2.90 mm. 
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Valves elongate, boat-shaped, extremities acuminate, subequal 
the anterior spine strong, projecting greatly beyond the end of the 
hinge margin; from this spine a sharply defined thin, and gently 
curved dorsal ridge or carina, extends backward to and a little 
beyond the angular ix)stero-dorsal extremity. A sharp impression 
extends a short distance obli(iuely downward from this extremity 
of the ridge. Back flattened except where it runs into the ter- 
minal spines; a faint channel along the edge. Ventral edge 
nearly straight, curving uniformly upward at each end. Surface 
without ornamentation, with point of greatest convexity ( thick- 
ness ) at the dorsal carina about midway of the length. 

In a view of the inner side the dorsal edge is strongly convex, 
and the anterior junction with the ventral edge very acute and oc- 
curring beneath or alx)ut the middle of the hight. The largest and 
best of the valves seen presents a feature about which I could 
not satisfy myself that it really belongs to the valve. I refer to 
the thin oblique diaphragm-like structure shown in the right half 
of fig. 2. If it is really a normal structure then it appears to be 
restricted to the right valve, as 1 fail to notice any sign of it in a 
well preserved left valve. Nor can I detect any sign of such a 
diaphragm in the other species. 

The elongate form, sharply cariuate back, acute posterior end, 
and the strength of the anterior spine are the distinguishing 
features of this species. It should require but a glance to sep- 
arate it, from all of its known associates. 

Formation aiid hcality: Lower Helderberg group, Albany county, N. Y. 

Tjrpes In Dr. C. E. Beecher's collection. 

Beecherella subtumida, q. sp 

PLATE II, FIGS. 5-7. 

Size of right valve: greatest length, 1.90 mm. ; greatest hight, 
0.70 mm.; thickness, 0.55 mm.; length of valve at inner edge, 
1.53 mm. ; projection of spine beyond anterior edge about 0.35 mm. 

Valves elongate-ovate, slightly widest in the posterior half; 
extremities, excluding the anterior spine, subequal, the posterior 
a little the bluntest of the two. Dorsal margin straight, sharply 
rounded at the postero-dorsal angle, and very slightly bent down 
where it passes into the strongly projecting anterior spine. 
Antero-ventral margin ( in a side view ) straight or faintly concave 
to the end of the spine. Ventral edge, uniformly convex, from 
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base of anterior spine to point on posterior edge one-third of 
hight of valve beneath the dorsal line, the cur\'e corresponding to 
something near a one-third segment of a circle. Posterior end 
most produced above, with a flattened border or flange projecting 
beyond the inner or contact edge ; flange widest above, vanishing 
in the lower third. Back strongly convex, without carina, but 
with a shallow channel close to the edge. Surface smooth, valves 
tumid, with point of greatest thickness a little above the middle. 
In a view of the inner side the contact edges form an elongate- 
oval, with the anterior end sharply rounded or sub-acute, and the 
dorsal side straighter than the ventral. 

This species is too obviously distinct from the preceding to 
require comparisons. B. ncatn has much wider valves, with 
cjuite different surface contour; while B. rrisfafa has the dorsal 
margin more convex, and a thin carina or crest on the dorsal 
slope. 

Fommtion and locality: Same as preceding. 

Type in Dr. C. E. Beecher's collection. 

Beecherella subtumida, var. intermedia, n. var. 

PLATE II, FIO. 15. 

Size of right valet!: Length (excluding spine) about 1.17 mm. ; 
hight, 0.63 mm. 

This name is proposed provisionally for a single right valve, 
that, being a little imperfect at the anterior end, I think it wisest 
to view with conservative judgment. At first I was inclined to 
regard it as a young right valve of B. ovnta, but on re-examination 
that view lost probability, and I now believe that its relations are 
nearer B. auhtamijhi^ with the chances strongly in favor of ultimate 
specific separation from both. A comparison of figs. 5 and 15 
shows that the latter is comparatively shorter, the antero-dorsal 
angle abruptly curved instead of gently declining, the anterior 
end probably blunter, and the ventral edge a little more convex. 
In the two points last mentioned the shape is more nearly as in B. 
ocatfi (see fig. 1-1) with which it agrees further in having the 
anterior spine less produced beyond the end of the valve, and its 
base situated farther back on the antero-dorsal slope — not however 
as much so as in that species. Its surface is less and more 
uniformly convex than B. suhtumida^ while B, ovatn has a low 
cardinal ridge running backward from the spine, and a shallow 
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depression beneath it, neither of which is represented in var. 

intermedia. 

Fomnation and locality: Same as preceding. 

Collected by Mr. Chas. Schuchert, but now in the author^s cabinet. 

Beecherella ovata, n. sp. 

PLATE II, FIGS 13 AND 14. 

Size of left valve: Length, about 1.87 mm. ; bight, 1.10 mm. ; 
greatest thickness, 0.50 mm.; length of spine, about 0.60 mm.; 
projection of same beyond anterior edge, about 0.30 mm. 

Of this species the left valve illustrated on the accompanying 
plate is all that has so far been discovered. It is a little imper- 
fect at the posterior end but the remainder is in sufficiently good 
condition to justify description. 

Left valve ovate, widest posteriorly, with point of greatest 

hight, a))out midway between the extremities. Dorsal edge gently 

convex, posterior end semicircular, anterior end sharply rounded 

and most prominent just beneath the spine; ventral edge rather 

strongly convex, with the curve in the an tero- ventral region 

somewhat straightened. Anterior spine rather long and slender, 

but projecting only about half its length beyond the anterior edge; 

continuing backward from base of spine a low rounded dorsal 

ridge is traceable across the middle third of the length 

of the . valve. From this ridge to the dorsal edge the slope 

is abrupt, while just beneath it a shallow depression, widest and 

deepest at a point a little in front and above the center of the 

valve, is noticeable. Just behind the center an (fbtuse elevation 

constitutes the point of greatest thickness. Anterior, ventral, 

and posterior slopes gently convex. Surface without ornamentation. 

Foniuition and locality: Same as preceding. 
Type in Dr. C. E. Beech er's collection. 

Beecherella cristata, u. sp. 

PLATE II, FIGS. 1G-11>. 

Size of entire carapace: Length, including anterior spine, 1.27 
mm.; length, without spine, 1.10 mm.; hight, 0.49 mm.; thick- 
ness, 0.47 mm. 

Carapace elongate ovate, narrowly rounded behind, acuminate 
in front. Dorsal and ventral sides nearly equally convex. Li a 
ventral view the two valves are about equally convex, with the 
point of greatest thickness near the middle. Valves unlike, the 
left without spine or crest, but with a narrow flattened border at 
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each end. Right valve with a faint dorsal overlap, a rather small 
subterminal anterior spine, and behind it a thin crest-like longitud- 
inal ridge situated about midway between the center of the valve 
and its dorsal edge. 

This is the only species of the genus of which the two valves 
have been found in conjunction. They are so diflferent that if 
found separate they would scarcely have been referred to the same 
species. Indeed, the spineless left valve would most likely have 
been regarded as Bythocyprls. The two valves are known also of 
B, carinata and B. navicula, but in these the anterior spine of the 
left valve is merely somewhat smaller than that of the right, while 
the B. ovatUy of which the left valve only is known, this spine is 
very well developed. B. subtumida, known only from right valves, 
is evidently a related form, and it is possible that in it too the 
left valve is spineless, which may account for its non-recognition. 

Formation and hcality: Same as preceding. 

Type picked from fine residue sent me by Mr. Chas. Schuchert, and 
now in my cabinet. 

Beecherella navicula, n. sp. 

PLATE II, FI08. 8 AND 9. 

Size of left valve Length from extremity of spine to posterior 
margin, 3.4 mm. ; hight, 0.7 mm. 

Valves elongate, boat-shaped, the dorsal and ventral margins 
sub-parallel, the former long, gently convex, anteriorly drawn out 
into a long spine projecting forward and a little upward like the 
bowsprit of a boat; posteriorly bending down into the sharply 
rounded posterior margin. Anterior end sloping backward from 
the base of the spine into the ventral edge. The latter is straight 
in the middle, and gently curved upward behind. Surface mod- 
erately convex, the dorsal slope the most abrupt. The spine of 
the right valve slightly stronger and longer than that of the left. 

On the inner side the dorsal edge is thickened, especially in 
front where it forms the projecting spine. Running nearly 
parallel with the anterior edge a ridge, quite distinct in the left 
valve, but much less so in the right, is to be observed. From the 
nature of the parts forming the anterior half of the valves it 
appears that when joined and the carapace closed an opening must 
exist just beneath the spines. 

There is little probability of confusing this with any of the 
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preceding species. The internal differences are so striking that a 

generic rather than specific separation is suggested. 

Fornmtion and locnlity: Same as preceding. 
Types in Dr. C. E. Beecher's collection. 

Beecherella angularis, n. sp. 

PLATE II, FIGS. 10-12. 

She of right valve: Length 1.45 mm.; hight, 0.75 mm.; 
thickness, 0.38 mm. 

Valves obliquely acuminate-ovate, in a side view, triangular in 
cross -section, the dorsal side being nearly straight, with a wide, 
subtriangular flat or slightly concave back, the posterior third 
semicircular, the anterior margin gently curved and sloping back- 
ward from the pointed antero-dorsal extremit}' into the neatly 
rounded ventral margin. Point of greatest thickness just 
beneath the dorsal ridge from which the surface slopes with a 
gentle convexity to the free margins. 

The general expression of the only valve of this species seen 

except that it is inequilateral, resembles that of the ventral valve of 

a minute Spirlfera with a wide flat area. The possession of such a 

flattened back recalls B. caruiata, but the relationship can only be 

remote since they differ so greatly in all other respects. Xor do 

any of the other species approach B. angiihu-ls sufficiently to make 

comparisons either necessary or desirable. 
Formation and loc4dity: Same as preceding. 
Type in Dr. C. E. Beecher's collection. 

E)lPIJ\.NATION of PLATE; * 

Beecherblla carinata, n. sp. 
Fig. 1. Nearly perfect right valve. 
Fig. 2. Interior view of same. 
Fig. 8. Dorsal view of same. 
Fig. 4. Interior view of a small left valve. 

Beecherella subtumida, n. sp. 
Figs. 5, 6 and 7. Respectively interior, side and dorsal views of a right 
valve. 

Beecherella navicula, n. sp. 
Fig. 8. Interior view of a perfect left valve. 
Fig. 9. Interior view of the anterior half of a right valve. 

Beech krella angulata, n. sp. 
Figs. 10, 11 and 12. Interior, end and dorsal views of a right valve. 
(The dorsal view is too long.) 

Bkechekella ovata, n. sp. 
Figs. 13 and 14. Dorsal and side views of the only specimen, a left 
valve, seen. 

Bkecheret.la subtumida, var., intermedl\, n. var. 
Fig. 15. View of the interior of a right valve. 

Beecherella cristata, n. sp. 
Fisrs. 16, 17, 18 and 19. Respectively right side, left side, ventral and 
dorsal views of a perfect carapace. 

♦ All the flpurej* are enlarged 20 diameters. 
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INTRODUCTION. 

In the spring of 1890 a party was organized V)y Dr. H. F. 
Reid, of the Case School of applied Science, Cleveland, O. , to 
proceed to Glacier bay, Alaska, for the purpose of mapping the 
basin of the Muir glacier, and of making as thorough an explora- 
tion OS the time at their disposal would permit. The party con- 
sisted of Dr. Reid, Messrs. H. McBride. J. F. Morse, C. A. 
Adams, of Cleveland and R. L. Casement, of Painesville, ()., and 
the writer. We reached Glacier l)av on the 1st of July, and 
were fortunate in finding Prof. John Muir already in camp there, 
with Mr. Loomis, of Seattle, Wash. , as a companion. Our stay 
was made vastly more pleasant and profitable by Mr. Muir's 
presence and knowledge of the region. He made the first ex- 
ploration of the amphitheatre occupied by the main mass of the 
glacier (see map), leaving camp in the middle of tTuly, and in a 
solitary trip of ten days duration, passing completely around this 
amphitheatre. Our party had been preceded in work at this jHiint 
by Prof. G. F. Wright, who spent a month here in 188G. His 
retults are well known and his work was of value to us in many 
ways. 

Work in an unknown and diHicult region of considerable extent 
must necessarily be largt»ly the work of the scout. Detailed ob- 
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servations are out of the question. It is Ijelieved that more gen- 
aral ones are of sufficient interest to be worthy of record. 

DESCRIPTION OF THE REGION. 

Glacier bay is a narrow arm of the sea about thirty miles long 
and five to eight miles wide projecting northwestwardly from Cross 
sound. Between it and the Pacific lies a rather narrow peninsula 
occupied by the Fairweather range of mountains, and two minor 
ranges west of it. East of the bay is another narrow and 
mountainous peninsula separating it from Lynn canal. Near its 
head it bifurcates into bay Glacier proper and Muir inlet, the lat- 
ter projecting from the main bay in a northerly direction. It is 
from three to four miles long and from one to two miles wide. 
Into its heatl Muir glacier advances. The mountains adjoining the 
ba}' are mainly low, rounded spurs rarely exceeding 3,000 feet in 
hight, but present occasional sharp peaks rising from 5,000 to 
6, 000 feet above tide. Their northern slopes are often permanentl}' 
snow-clad, but southern exposures are entirely free from snow 
in summer, and gay with a profusion of flowers. To an observer 
on one of the spurs on the eastern side of Muir inlet a spectacle 
of unparalleled grandeur is presented. To the west across 
Glacier bay rise two low ranges of mountains and beyond loom 
up the giants of the Fairweather range, beautiful white, snow- 
clad peaks. To the east and northeast are the White mountains 
lying between Glacier bay and Lynn canal. To the north and 
northwest the whole of the vast amphitheatre occupied by Muir 
glacier lies before the eye, with its encircling mountains, and the 
larger number of the many valley glaciers that pour their ice into 
this amphitheatre. The great branches that come in from the north- 
west may be followed by the eye for great distances. As the ice 
in the amphitheatre advances toward Muir inlet it becomes con- 
fined within narrow limits. The amphitheatre has a breadth of 
from twelve to fifteen miles or more. In order to reach the inlet 
the ice occupying it is forced through a mountain gap less than 
three miles wide. At the present time the ice front barely reaches 
the narrowest portion of this gap. The waters of Muir inlet do 
not wash the buses of the mountains. A deposit of sand and 
gravel with a width of from one-half to three-fourths of a mile 
lies between the two on each side of the inlet. As a result only 
the central portion of the glacier terminates in the water. This 
central portion is tremendously crevassed and broken. On each 
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side the glacier ends upon these soft deposits, diminishing in 
thickness to an edge. These side portions of the glacier, espec- 
ially the eastern side, are as notabl}' smooth as the central portion 
is broken. Near the front of the glacier three low mountains 
protrude from the ice which entirely surrounds them. On these 
were Dr. Reid's stations G, H and I. The western one, G, is 
much the largest and highest, and forms a conspicuous feature in 
the landscape seen in looking toward the ice from the bay. 

TRIBUTARIES OF MUIR GLACIER. 

The greater portion of the ice which reaches the front of Muir 
glacier at the present day is supplied by the two great ice-streams 
which enter the basin from the northwest,* Muir glacier proper 
and the northwestern branch. The former is the larger, has a 
length of certainl}' thirty-fiv^e miles and probably more, and is 
deeply and abundantly crevassed for a great distance back from 
the ice front. The central and larger portion of the ice front 
derives its ice from this source. The northwestern branch is only 
second in size to this one. Its length is not so great nor its crevasses 
so numerous and profound. Its ice reaches Muir inlet to the west 
of the ice from Muir glacier proper. The next most considerable 
tributaries are the two northern branches. These have great 
length but will not compare in size with the last two. They fur- 
nish the ice which breaks away into the water at the eastern cor- 
ner of the inlet. The Western branch is quite completely sepa- 
rated from the rest of the glaciers by the numerous low mountains 
that protrude from the ice. Its interesting features are its nu- 
merous connections with its Northwestern branch through the 
mountain gaps, and its source on a saddle from which ice flows in 
both directions, a feature shared by other glaciers in the basin. 
The ice from this branch does not enter the water, but dies out on 
the gravel deix)sit which forms the western shore of Muir inlet. 

EaMern branches. — That portion of the amphitheatre of Muir 
glacier lying east of a line drawn from Snow dome to the eastern 
corner of the inlet is occupied by a mass of ice nearly inert, and 
slowly rotting where it lies. Stakes placed across it about half a 
mile back from the front, at the end of three weeks showed either 
no motion at all, or else an extremely slight one. The surface of 
all this portion of the glacier is extremely smooth. Crevasses 

♦See map. 
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occur, but in general are mere cracks. None are found which are 
not readily to be stepped over. Everything points to rapid de- 
cadence. Points of interest increase as the various valleys 
tributary to this part of the glacier are examined. 

The Dirt Glacier, — The first valley opening into this part of the 
glacial amphitheatre as its edge is followed is occupied by a small 
glacier, to which the name Dirt glacier was applied, because the 
ice in the whole lower half of the valley is completely and heavily 
covered with debris from the rapidly disintegrating mountains at 
its sides. The upper half of the valley discloses an extremely 
pretty, small, white glacier with heavy lateral moraines which 
gradually increase in width with the result mentioned above. 
This glacier at the present time has not sufficient vitality to send 
its ice beyond its own valley. Its lower portion is without per- 
ceptible motion, and has melted away considerably from the 
mountain sides. 

The White glacier, — The next valley is occupied by a very 
beautiful little glacier of a dazzling white appearance, with two 
medial moraines which present a very striking appearance from a 
distance on account of their graceful curves. This glacier still 
possesses considerable vitality, sending its ice clear to the Dirt 
glacier valley. In entering the main basin its ice makes a sharp 
turn of 90°, causing a depression of its surface at the concave 
side of the bend with a corresponding slight elevation at the 
convex side. 

T/ie Southeastern branch. — For our present purpose the point 
of interest of this next succeeding glacier is its present vitality. 
It really comprises two glaciers, the first of which is somewhat 
the larger of the two. This sends its ice not quite to the White 
glacier valley, dying out against the mountain side just before 
that valley is reached. Ice from the other branch extends but 
little further, pinching out between ice from Main valley and 
the White glacier, opposite the entrance^ to White glacier valley. 
Main valley. — The greater portion of the ice occupying the 
eastern part of Muir glacier amphitheatre has emerged from the 
large valley called Main valley. At present many curious features 
are exibited here. No ice is visible in the upper portion of this 
valley or in the valleys tributary to it. The comparatively 
narrow ridge back of Tree mountain which separates Main 
valley from the snow fields of the Southeastern branch is deeply 
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snow-covered on the one side, and perfectly bare on the other. 
Some cause not evident has locally produced a greater and more 
rapid disappearance of snow and ice from the vicinity of Main 
valley than has elsewhere taken place. Snow fields occur on Mt. 
Young, the highest and most imposing mountain in the vicinity. 
But these form very small glaciers and the valleys enclosing Mt. 
Young are free from ice. The ice occupying the upper part of 
Main valley terminates abruptly at the edge of a long, narrow 
lake — Main lake — whose long axis is at a high angle with the 
trend of the valley, and which occupies nearly its entire width. 
The eastern shore of the lake is made up of glacial debris modi- 
fied by water, and such deposits exist in considerable force in the 
tributary valleys beyond. Small bergs, evidently derived from 
the end of the glacier, float in the waters of the lake, and strand 
on its shores. From its lower end a stream of water issues, 
flowing away toward Lynn canal. The lake is held in place by 
the thickness of the soft deposits on its eastern shore. 

The moraines in Main vallej^ run directly to the shores of Main 
lake, there ending abruptly. That the rock masses from which 
they derived their contents, lie to the east, is clear from the nature 
of the contents. Hence the ice must formerly have completely 
filled Main valley and come from the tributary valleys to the east. 
At the present time the supply of ice in the valley is renewed 
from no source whatever, except fdr the snow which falls upon 
its surface in winter. The highest part of the surface of the ice 
at present is some distance west of the lake. Somewhere beneath 
this ice, lies the divide for this valley between Glacier bay and 
Lynn canal. The stream flowing from Main lake flows into Lynn 
canal. It is possible that Main lake lies just on the Glacier bay 
side of the divide. That being the case, the draining of the lake 
would be indeflnitely postponed. In the period of greater life of 
the glacier, the glacier occupying the stream valley, and the upper 
part of Main valley must have had a rising slope for its floor, and the 
reason for its movement in this direction furnishes an interesting 
problem to be solved. At the present time the whole mass of ice 
is practically inert, but it seems inevitable that there must be a 
slow flow of the ice in both directions awa}' from the highest point. 
This movement would add to the general lowering of the surface 
of the ice produced by melting. It must also tend to an attenua- 
tion of the moraines spread upon the surface. 
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Another testimony to the inert condition of the ice in Main 
valley and vicinity is the shrinkage of the ice away from the 
mountain slopes which border it. This shrinkage must be par- 
tially counteracted by the slow movement just spoken of, but it 
is very conspicuous. The ice is rarely in contact with the mount- 
ains, but has withdrawn a few feet, leaving gaps into which an 
astonishing amount of debris has been tumbled. 

Berg lake. — Two small valleys open into Main valley from the 
northeast. The most easterly of these is occupied by Berg lake, 
presenting kn excellent example of a valley lake whose waters 
hold their position in virtue of an ice barrier across the valley 
mouth. In this lake also float ice bergs derived from the ice 
barrier which holds the lake in place. Two enormous moraines 
extend from the mouth of this valley to the ice front. Their 
great size compared to the size of the valley in which they must 
originally have been formed is a matter worthy of comment 
Here also the slow creep of the ice away from its highest point 
must be felt, and accounts for the occasional berg which the ice 
furnishes to the lake. What becomes of the surplus water of the 
lake is not known, but it seems probable that it must find its way 
into Main lake. A comparatively slight extension of the latter 
would cause the two to coalesce. The same cause that has re- 
moved the ice from the upper part of Main valley has removed it 
from Berg lake valley. Glacitjrs ordinarily retreat up their val- 
leys. Here the opposite course of proceedurc seems to have 
obtained, and the glaciers have disappeared from the small val- 
leys while thick ice remains in the larger one into which the others 
formerly poured their suppl}'. 

The Girdled glacier. — The westerly of the two valleys spoken 
of is occupied by a very beautiful little white glacier, with a 
very steep slope. The clean character of its surface and the 
small amount of debris which it brings down, are as astonishing 
on the one hand, as are the great moraines which have come out 
of Berg lake valley on the other. This glacier received its name 
from Dr. Keid because of the curious disposition of the moraines 
around the end of its valley. A moraine curves gracefully 
around its front, from the end of the ridge on the west, to the 
end of the ridge on the east side of its valley. Another moraine, 
parallel to this, emerges from Granite canon to the west, curves 
around outside of the first, and dies out against the mountain 
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side just to the west of Berg lake valley. These moraines lx)th 
lie on the surface of the ice lying in the main valley. Ice from 
the Girdled glacier seems just to reach this, but does not pass 
into Main valley, nor can.it have donp so for some little time. 

Granite anion. — The valley to which Mr. Muir applied this 
name is, barring Main valley, the largest one opening into the 
eastern part of the Muir glacier amphitheatre. It is a rather 
gloomy looking valley, bordered by low mountains with some- 
what precipitous slopes. These are dotted with patches of snow 
lying in sheltered depressions, but at present give rise to no 
glaciers. Hence the ice lying in Granite canon presents the same 
features as that in Main valle}'. The ice is inert. It has no 
feeders. It has disappeared from the upper portions of the val- 
ley while yet lying in considerable force in the lower portion. It 
diminishes in altitude toward the head of the canon, the highest 
point in the vicinity, lying nearly three miles south of the en- 
trance. About four miles up the canon the end of a lake is 
visible, l3'ing in a side valley opening into the western side of the 
c4inon. Though only the end of the lake was visi})le the nature 
of the country surrounding it clearly indicates that the lake Iwars 
the same relation to Granite canon that Berg lake does to Main val- 
ley, viz : that its waters are held in place by the ice barrier across the 
front of its valle}'. The same cause has been at work in both 
places. That the ice formerly moved out of Granite canon, and 
did so for a vast length of time is indubitably shown by the 
material of which the great moraine that issues from it is 
composed. The great proportion of this material is diorite which 
is only found in place in the mountains enclosing the up- 
per portions of the valleys that open into the glacier's amphi- 
theatre from the east and north. Ice certainly flowed 
out from Granite canon long enough to carry this moraine dear 
to the present front of Muir glacier and beyond. Tlic outward 
flow of the ice from Main valley must have ceased })efori^ the 
stoppage of the flow from Granite canon. The moraine which 
emerges from Granite canon and passes around the front of the 
Girdled glacier proves this. On the cessation of the flow from 
Main valley the ice must have receded somewhat from the moun- 
tain flanks. The eastern portion of the ice flowing out from 
Granite canon would then have encountered less resistance in this 
direction, and a |)ortion of it would deflect from the main mass 
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and follow this new direction. The short moraine which passes just 
across the front of the Girdled glacier inside of this one was 
formed at the same time, mainl}- from material from the rapidly 
disintegrating mountain ridge west of the mouth of the Girdle(l 
glacier. That the outward flow of the Granite canon glacier did 
not continue long after the stoppage of the flow from Main valle}', 
is shown by the short distance traversed by the moraine emerging 
from the canon and flowing in this direction. 

If there is the present slow flow of the ice in Main valley al- 
ready spoken of, a flow in both directions from the highest point 
of the ice, there must be a corresponding slow flow of the ice back 
into Granite canon. Starting at the front of Muir glacier, and 
proceeding toward the canon, tlie surface of the ice is found to 
slowly increase in hight till, about ten miles from the front, an 
altitude of about 1,300 feet A. T. is reached. From this point 
further progress to the northwest is over a descending surface. 
This descent continues up Granite canon as far as the eye can see. 

Two small glaciers appear on the southern slope of the moun- 
tain mass lying between Granite canon and the First Northern 
branch. The most western of the two — marked Glacier 9 upon 
the map — merits brief attention. It has retreated some little 
distance up its valley, and its lower portion is covered from one 
side to the other with debris, after the manner of the Dirt glacier. 
Upon the ice of the main mass in the amphitheatre which lies 
across the opening of this glacier's valley, a moraine appears 
curving across the opening from one side to the other, the coun- 
terpart of the one in front of the Girdled glacier. The motion 
appears to have been from the west, the* material being supplied 
from the southern slope of Snow dome, the mountain to the 
west of this glacier. A recent flow of ice from the First North- 
ern branch across the opening of this valley must have taken 
place, carrying with it the disintegrated material that fell from 
Snow dome upon the surface of the ice. 

RECENT RECESSION OF THE GLACIER. 

The evidence that very recently Muir glacier has had a vastly 
greater extent is remarkably plain, and has been well summed up 
by Prof. Wright. The reason for its consideration here, is that 
further evidence has been procured. 

Dinct cvuhnce. — Prof. Wright's measurements, and photo- 
graphs taken by Mr. Baldwin of his party furnish a means of 
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comparing the position and extent of the glacier in 1886 with its 
condition in 1890. Mr. Baldwins photographs of the ice front 
show that in 1886 its position was at least half a mile further to 
the south than was the case in 1890. No direct measurements 
on the ground were possible, and the ice front was of such en- 
tirely different shape at the two periods, that, at best, only an 
average could have been ascertained. The amount of retreat has 
been greater in the central part of the glacier which terminates in 
the water, its ice breaking off and floating away, than at the 
sides, which retreat only by slow melting where they lie. 
Wright's map and photographs show the seaward portion of the 
ice extending further to the south than the wings on land, the 
most southerly point of all Ijeing in the centre. In 1890, on the 
other hand the most southerly points of the ice front were the 
wings — see map — and the water front was deeply concave, the 
greatest recession, probably not far from a mile, being near 
the centre. The amount which the wings have retreated has been 
comparatively small. The testimony of the officers of the steam- 
ers which have been entering Glacier ba}' since 1883, is unani- 
mous that the ice has retreated considerably since that time, the 
estimates running from one to two miles. The testimony is cred- 
ible as a new place for anchorage must be sought every year. 
Half a mile in four years is a tolerably rapid rate of recession, 
should it prove to be at all an average one. 

The hight of the central portion of the ice front above the 
water in 1890 was about 250 feet, the same that Prof. Wright 
records.* This, however, was the hight of his projecting point. 
To points on the front somewhat back of that, he gives a hight 
of 300 feet. Soundings as close to the ice front as practicable 
show about the same depth of water, somewhere in the neighbor- 
l^ood of 600 feet on an average. There has evidently been a con- 
siderable shrinkage in thickness in the four years interval. The 
ice front in 1890 was not far removed in position from the line along 
which Prof. Wright states it to have had a hight of 408feet in 1 886. t 
Its greatest hight in 1890 was 250 feet. Wright's photographs 
indicate also a greater thickness of the ice in the Western branch, 
judging from the hight to which it rises on the mountain sides 
adjoining, as compared with that exhibited in the photographs of 

♦Ice Age in North America, p. 43, 
tibid., pp. 43 and 49. 
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the same taken by Dr. Reid and Mr. Morse. As a result of his 
measurements of the rate of motion of Muir glacier 
near its front. Prof. Wright announces an average forward move- 
ment of the ice into the inlet of forty feet a day, with a maxi- 
mum of seventy feet.* His method was by sighting on various 
pinnacles of the deeply crevassed portion of the ice, from da\' to 
day. Under Dr. Reid's skillful guidance our part}^ made several 
efforts to completely cross the ice front and plant flags to serve 
as accurate points on which to sight. The attempt to entirely 
cross was unsuccessful, proving a task of the most extreme diffi- 
culty, if not impossi])le. Hy working out from each side toward 
the centre, however, the last flag on one side was planted so near 
to the last flag on the other, that the space l^etween the two was 
less than the average interval left between the others. The 
most rapid motion found by Dr. Reid by triangulation upon these 
flags, was seven feet a day. Undoubtedly the ice was in more 
rapid motion at the time of Prof. Wright's visit. Its greater 
thickness and the fact that it was further advanced into the com- 
paratively narrow valle}' in which Muir inlet lies would necessi- 
tate this. But the increased rapidity must have been compara- 
tively small in amount. 

Freshness and pxtcnt of strur. — The sides of the mountains 
bordering Muir inlet are polished and striated with the freshest 
possible marks up to hights of 2,000 feet. The same is true of 
the sides and tops of the two low islands which project above the 
surface of Muir inlet. Naturally the striations decrease gradually 
in number and strength as the altitnde increases owing to the 
rapid disintegration of the rocks. Above 2,000 feet stria? are 
occasionally found up to hights as great as 3,500 feet. Onl>' 
occasional peaks have hights over 8,000 feet, hence when 
glaciation was at its hight the whole region must have been 
covered with an icy mantle with onl}- here and there a small steep 
crag projecting above the general level. In the upper portion of 
Glacier bay the same freshness of the stria? is observable on the 
mountain sides and the islands in the bay. Going down the bay 
the same decrease in number and freshness is observed that is 
found on increase of altitude. Yet the differences are not as 
marked as would Ik? the aise had the retreat of the ice been a slow 

♦Ice Age in North America, pp. 48 — 51. 
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and prolonged matter. The evidence furnished by the strife is of 
a recent and rather rapid retreat of the glacier from a condition 
of much greater extent. 

Condition of the Eastern ^)o/7io;< of the glacier. — Tnis has 
already been treated in considerable detail. The evidence there 
presented of the great decadence of that |)ortion of the glacier 
will readily be recalled. 

Landslip on the White glacier. — The extension of the White 
glacier into the main amphitheatre is clearly marked by its very 
white color and the heavy moraine at its outer side. It ends in 
front of the Dirt Glacier valley. About two miles al)ove its end 
its entire breadth is covered for a short distance by a coating of 
loose debris, which increases in thickness and coaresness toward 
the mountain side, utK)n which masses of the same material lie. 
Some sudden flood or avalanche has hurled this mass of material 
down the mountain side, and scattered it broadcast over the . sur- 
face of the ice. The present surface of the ice covered by this 
material now stands well above the level of the ice not so pro- 
tected, and presents the characteristic surface of ice so covered; 
great differences of level appear according to the thickness of the 
covering, with the prevalent tendency toward the production of 
sharp ridges and cones. To produce the existing difference of level 
and character of surface exhibited, a length of time would be neo* 
essary which must at least be measured in months. Yet the material 
lying on the glacier is directly continuous with that on the mount- 
ain side, so that little movement can have taken place since the 
slide occurred. 

THE DVIXO (J LACIER. 

The D3'ing glacier lies in a valley from half a mile to a mile 
wide, which extends from the western shore of Muir inlet through 
the mountains to Glacier bay. The glacier is a mass of ice nearly 
three miles long, of unknown thickness, occupying the middle 
third of the valley. From its eastern end a stream flows into 
Muir inlet, three and one-half miles distant, through the soft de- 
posits occupying this portion of the valley. The western end of 
the glacier lies very close to tide water from Glacier bay which ex- 
tends up the valley for two mile« and a half. The highest point 
of the ice, about 800 feet A. T. , is near the centre. From this 
point the surface slopes evenly in both directions. Two small 
glaciers, the one north of P3ramid peak, and one from the south 
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were formerly tributary to this glacier, but it has been some 
time since either has supplied any ice to it. Its moraines lie in 
perfectly straight lines from one end of the ice to the other, neces- 
sarily being the remnants of the old medials that lay on its sur- 
face during a time of greater extent. No moraines appeared 
traceable to the two glaciers coming in from the sides. There 
are several of these medial moraines lying on this glacier, indi- 
cating its formation from a considerable number of small ice 
streams. They present one ver}' peculiar feature, that of disap- 
pearing for a certain interval. On following one of them it would 
suddenly l)e cut otf sharply, be absent for a certain distance, and 
then reappear at the surface with equally startling sudden- 
ness. This has taken place once on every moraine. Sometimes 
two or three moraines exhibit this phenomenon at about the same 
point, but more often the points of disappearance and reappearance 
on the various moraines seem independent of one another. Close 
examination revealed the missing portions of the moraines lying 
beneath the surface of the ice, their present position being dis- 
closed by means of the narrow crevasses. They were sometimes 
covered by a thickness of ice of at least six feet. They keep 
their direction perfectly when beneath the surface. The etfect 
produced is as if a long shallow block of ice had been lifted up, 
its load of debris deposited in the depression produced, and then 
the block replaced ujwn it. No explanation of this occurred to 
me, and I present it as a curious fact not observed before so far 
as I know. 

The situation and direction of the moraines on this glacier in- 
dicate a former flow of the ice from one end of the valley to the 
other. There are, however, certain difficulties in the way of this 
view. The material composing the moraines is here of little as- 
sistance in determining the question. The mountains adjoining 
this valley and the neighboring shores of the bay and inlet are all 
of the same material, and of this the moraines are made up. 
Occasional large pieces of coarsel}' crj'stalline white calcite oc- 
cur on the moraines. These are supplied from the deposits of 
calcite found in fissures in the vicinity. 1 know of none of 
sufficient size to have furnished these pieces in the mountains ad- 
joining the eastern portion of the valley, and do know of 
several to the west. This denotes a probability of a former 
easterly movement of the glacier in this valley. There are many 



Miilr Glacier Region^ Almhi. — Cmhlnr/. 219 

points of interest in this valley, reciuiring a careful examination 
for their elucidation. 

GLACIAL DEPOSITS. 

IhHcriptum. — On each side of Muir inlet a deposit of sand and 
gravel of varying width lies between the water and the mountains 
— see map. The deposit on the wiestern side is more extensive. 
It has a width varying from half a mile to a mile, which is great- 
est opposite Dying glacier valley and diminishes rapidly to the 
south, having a length of about five miles. That on the eastern 
side has a width of alwut half a mile for the first mile of its 
length and then diminishes to a point, dying out about three 
miles south of the ice front. For a considerable part of their ex- 
tent these deposits rise quite abruptly from near the water's edge in 
steep clifl^s with an average hight of one hundred fe«t. The 
faces have been chiseled by the rains into very picturesque shapes. 
They have a talus slope at their base, and are separated from the 
water by a narrow sand beach. A channel has been cut in each 
of these deposits by the sub-glacial streams that issue, one from 
each end of the ice front. The sides of these channels are marked 
by rough terraces marking occasional local flood plains formed 
b}' the streams as the}' rapidly cut out their channels. These 
terraces rise rapidly in the direction of the ice and then die out, 
an efl^ect produced by the retreat of the ice and the consequent 
shifting of the source of tlie stream. These deposits possess 
firmness to a surprising degree, it being in places extremely 
difldcult to make any impression on them with the foot. But 
their lack of consolidation renders them, especiall}' when water- 
soakeil, an easy prey to running water. They were deposited by 
swift cuiTcnts. Tlie material is all coarse, alternating beds of 
gravel and sand, the gravel largoly predominating, and with little 
or no admixture of clay. Rapid alternations of horizontal and 
cross bedding characterize them. A considerable number of the 
pebbles in the gravel are derived from the i?rui)tive rocks far to 
the north. They have their edges rounded but are much more 
angular than are stones which have sutfered attrition in water for 
any considemble length of time. They have rather the aspect of 
somewhat water-worn glacial pebbles. 

The altitude reached by these deposits increases as the mount- 
ain sides are approached, they having there an elevation of 400 
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feet. In a steep gull}' on the side of Mt. Wright thej' reach a 
hight of 600 ft. 

These, deposits overrun by the glacier. — These deposits below the 
front of the glacier are overlaid by a stratum of varying thick- 
ness of true morainic material, rough boulders of varying sizes, 
few of which show any e^idence of attrition, lying on or embedded 
in a layer of sand and clay. The surface presents numerous " kettle- 
holes" and kames, its whole configuration being evidently due to a re- 
treating ice sheet. On each side of the inlet the glacier ovemms 
these deposits. (Plate III.) This is best shown on the eastern 
side, where by passing down the beach to the ice front, a l>eauti- 
ful longitudinal section of the ice lying above the gravels can be 
seen. The length of this section is a quarter of a mile. At its 
upper end this ice has a thickness of one hundred feet at least, 
thence diminishing gradually to an edge. This section is made 
possible because the wings of the glacier on land, reach further 
to the south than the seaward portion. On reaching the main 
front the gravels are seen to pass under the ice, so that their 
extent in this direction cannot be told. There is something more 
here than the snout of an advancing glacier riding up over its 
moraine. This glacier is retreating, and all the evidence shows 
that it has been doing so for a considerable length of time. That 
these beds were deposited before the advance of the glacier, from 
which it is how retreating, took place, is proved by the buried 
trees shortly to be described. That the present retreat has l>een 
long continued, is shown by the condition of the eastern portion 
of the glacier. A glacier of great thickness has advanced over 
these gravels, and done so for a considerable time. Much of 
their original mass has doubtless been removed. But the verv 
considerable remnant is full of significance. The influence of 
th(» ice upon it must have been more protective than anything 
else. At the present time every one of the frequent rains washes 
down iK>rtions of this deposit into the inlet and the rapid, ever 
shifting sub-glacial streams are constantly undermining its cliffs, 
so that its mass is ])eing diminished with comparative rapidity. 

Orifjiii nf thrst thfutsifs. — These deposits liave for their floor an 
old land surface, with tree stumi)s still standing in the soil in 
which they grew, and of which Prof. Wright has written*. Such 
stumps in situ are exi)()sed on both sides of the inlet, where the 

*lce Aire in Xorth America, pp. 57-61. 
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gravels have been cut away. Those found on the eastern side are 
along the beach, and are now only exposed at low tide, some be- 
ing just at low tide level. This floor was a sloping one, rising 
gently toward the mountains. The deposits on it were laid down 
by swift currents, and their material had not sulTereil attrition 
for any great length of time. Yet it is all considerably rounded 
and must have been transported some little distance. At least 
some of it came from the north. From this it follows that these 
layers of sand and gravel were deposited from the swiftl}' flowing 
streams that emerged from the front of the glacier as it advanced 
toward this spot, aided no doubt, by streams down the mountain 
sides adjacent, and on the western side from the Dying glacier 
valley. Subsequently the advancing glacier overran them. 

Changi'H of hvel in the rcgiou. — Prof. Wright explains the 
thickness of the sand and gravel deposit on the western side of 
the inlet b}' the supposition that the Dying glacier would, in its 
advance, protrude from the end of its valley before the advanc- 
ing Muir glacier reached that spot, and from a kind of dam, or 
breakwater, against which these deposits would be built*. This 
is a pure supposition, there being no evidence that such protru- 
sion ivould occur first. Nevertheless it might be admitted were 
it not for the fact that it does not aid in explaining the hight of 
the gravels on the western side south of Dying glacier valley, nor 
docs it help us at all in accounting for the even greater altitude 
reached on the eastern side of the inlet. 1 find myself totally 
unable to account for the accumulation of deposits of such a 
chara<^ter and in such a location to hights of 800 and 400 feet 
al)Ove the surface of the inlet, with the relative levels of sea and 
land remaining as at present. Sliould the ice be now removed 
from the amphitheatre a considerable part of it at least would be 
covered by sea water, with low sloping shores between the water 
and the mountains. As the amphitheatre became filled with ice, 
on the advance of the glacier, it is im|K)ssible to conceive of the 
building up of deposits by the streams of the vicinity to any 
considerable hight above tide water. The material would have 
been washed into deep water. But such a dei>osit could easily 
have been built up on a slowly subsiding shore. In order to es- 
tablish such an hypothesis it is necessary to produce evidence of 
a downward movement of at least from 200 to 300 feet, followed 

♦Ice Age in North America, pp. 60. 
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by an elevation of practically equal amount. Evidence of a cer- 
tain amount of subsidence, and its approximate date is furnished 
by the tree stumps in situ, already mentioned as occurring on the 
eastern shore of the inlet at low water mark. As the average 
tides here have a hight of 20 ft. , here is clear proof of a sub- 
sidence of at least that amount, and which could not have taken 
place before the deposition of the gravels. 1 am however unable 
to produce further evidence of oscillations of level which have 
occurred since the deposit was formed, and merely present the 
idea as provisional, and as the only way occurring to me of ac- 
counting for the hight above sea level reached by these gravels. 
The subsidence indicated by the tree stumps certainl}' took place 
during or since the deposition of the gravel deposit, and is shown 
by evidence shortly to be presented to l)e very recent. 

THE OLD FOREST. 

For the most part the mountains of southern Alaska are thickly 
covered with coniferous trees. The mountains in the vicinity of 
Glacier bay form a striking exception to this general rule, the 
shores of the upper part of the bay and the mountains to the north 
and east as far as the eye can .see being without trees. Across the 
divide to the east, the mountains adjoining Ijynn canal are forest 
covered. Passing down Glacier bay, trees begin to appear on the 
summits of the mountains on the east side about ten miles distant 
from the fmnt of Muir glacier. Continuing to the south they Ije- 
come more numerous and extend further down the mountain 
slopes. The Beardslee islands, and old terminal moraine of the 
Glacier bay glaciers, near the mouth of the bay, are thickly cov- 
ered witli trees. Tliat the region now bare had its own forests at 
no distant date is dear. Mingled with the detritus on the sides 
of the mountains around >Iuir glacier fragments of old wood are 
so plentiful tliat our party never made a camp anywhere without 
finding plenty of it for fuel within a very short distance. The 
gravel deposits adjoining Muir inlet are full of it, logs twenty or 
thirty feet long being not uncommon. Besides these loose pieces 
are the stumps in situ in the old soil ui>on which the gravel de- 
|>osits were laid down.* Fragments also occur plentifully on the 
islands in the bay. All this wood is surprisingly fresh, so that 
when dry it makes excellent fuel. Sections of it were examined 
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microscopically by Dr. F. H. Herrick of Adelbert College and 
compared with sections of the more common spruce now growing 
on the Alaskan mountains^ and he pronounces them almost cer- 
tainly identical. 

Destruction of the Forest. — The trees were removed from this 
region by a recent advance and increase in size of the various 
glaciers in the vicinity. Those on the low grounds were partially 
preserved in position bj- the thickness of soft deposits laid down over 
them. The old trees appearing on the tops of the mountain ridges 
ten miles down the bay, mark the point l)eyond which the ice 
eeased to cover the tops of these ridges at its period of greatest 
extent, or at least the point where permanent snow fields ceased, if 
the main ice stream did not reach this hight. 

The hearing of this fort^st on the history of Muir glacier. — South- 
em Alaska has all been glaciated. Since the retreat of the gla- 
ciers from most of the vallej's their slopes have become densely 
clothed with timber. The evidence just presented seems to neces- 
sitate the conclusion that Muir glacier retreated much beyond its 
present position, and remained in that dwarfed condition at least 
sufficiently long to permit the growth of a multitude of great trees 
upon the mountains around Glacier bay and Muir glacier amphi- 
theatre. Then the glacier advanced and destroyed these trees. In 
this advance it extended down the ba}' nearly to the Beanlslce is- 
lands, and in Mine inlet had a thickness at least 2,000 feet greater 
than at present. From this last advance it is now rapidly retreat- 
ing. The fresh condition of the old wood, its abundance on the 
mountains in protected spots, and the distribution of living trees 
in the lower Glacier bay region, all combine to render it impossi- 
ble to adopt Prof. Wright's suggestion that this old forest was 
pre-glacial, in the sense in which he uses it.* It is rather inter- 
glacial, and comparative!}* recent. Muir glacier has not steadily 
retreated since the great Cordilleran glacier began to vanish, but 
is now retreating from a comparatively slight advance which fol 
lowed upon the heels of a great and somewhat prolonged reces- 
sion. Already young spruces are beginning to shoot up here and 
there upon the timberless mountains, and it cannot be a matter 
of many centuries before they will again resume the characteristic 
Alaskan forest covering. Further evidence of the truth of this 
view is furnished bv a little coral, one of several found attached 
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to the quartz outcrop of the Treadwell mine, and covered by a 
thin layer of sand and clay. This was ])rought to m}- notice by 
Mr. J. McDonald Calderwood, superintendent of the Treadwell 
mine, on Douglass island, opposite Juneau. The corals were found 
about 200' above tide. Dr. W. H. Dall identifies it as a Paracy- 
athus, agreeing well with the unfigured P. shvarnHii Verrill, from 
Monterey. lie thinks it improbable that it can exist in the cold 
Alaskan waters at the present day, though little is known of its 
distribution, and regards the specimen as probably Pleistocene. 
The coral l)ecame attached to the rooks when the region was de- 
pressed at least 200 feet below its present level, and during an ap- 
parentlv somewhat warmer period which followed on the heels of 
the great glaciation of the region. This agrees well with the evi- 
dence furnished bv the forest, which also shows at least a small 

ft 

amount of oscillation accompanying the rt»cent small glacial ad- 
vance. 

DISIXTKCJRATION OF THE ROCKS AROUND MUIR GLACIER. 

Itit amount. — The rapidity with which the rocks of this vicinity 
disintegrate is very grcat. This however is much more true of 
the slate mountains than of those of limestone or diorite. The 
fissured condition of the rocks is a powerful aid to the ordinary 
disintegrating agencies which operate in high latitudes and on 
high mountains. The piles of debris that have accumulated 
since the retreat of the glacier are astonishing, considering the 
shortness of tlie time that has elapsed. Such masses are already 
beginning to accumulate, on the surface of the gravels, at the 
bases of the stwp mountain slopes adjoining Muir inlet, although 
the ice can have retreateii from them but a comparatively few 
years ago. Passing down tlie bay they increase much in size, and 
conn(»ct with debris streams lying in the gullies. In the Dirt 
glacier valley the gn»at nipidity of this disintegration is best 
shown. The pnictically motionless ice (H^cupyiug this end of the 
vallev is covennl for its full half mile of width with from two to 
four fet»t of slatv debris, which increases ti> a verv considerable 

ft * 

thicknt^s near the sides of the valley. The larger part of this 
debris has fallen from the mountain sides, and in a not very great 
space of time. Such debris is also found to great extent aRHind 
Pyramid peak. * 

* This is in accord witli Mr. 1. ('. Hussell's observations in southern 
Alaska. Hull. Geol. Soc. Am. Vol. I, p. Vio. 
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Dt'hrls on glacier-nwept mountains. — In general the mountain 
slopes over which the ice has moved are swept prett}' bare of loose 
material. On the other hand such material is always present to a 
certain extent. It is largely transported material, left there by 
the melting ice. Sometimes, as on H, where there is much loose 
material, it is clearly native and has not been removed. The 
mountain slopes all around the eastern portion of the amphitheatre 
are covered with a great amount of such material, extending for a 
considerable distance below the surface of tlie ice. Some of this 
is foreign material left on the slopes of the mountains 
as the ice decreased in hight, but a considerable propor- 
tion has disintegrated since the ice covering has been re- 
moved, and is yearly moving down the mountain sides 
aided by avalanches and spring floods, completely filling 
the gap slowly forming between the mountains and the ice. This 
also indicates the inertness of the ice of that portion of the glacier, 
the melting being more rapid than its slow flow away from its 
highest point. Even in more rapidly moving portions of the 
glacier this same phenomenon is manifested, as along the sides of 
nunatak H, and in the upper portion of the Dirt glacier valley. 

Sizti of nwniines on Mulr glacier. — This great rapidity of dis- 
integration, and its excessive rapidity in the case of the slates is 
further indicated bj' the great size of the moraines on Muir 
glacier, especially those on the eastern portion. These lie like 
great embankments on the surface of the ice, are often of very 
considerable width, and contain an enormous amount of material 
most of which was supplied by the disintegniting mountain peaks 
along the sides of the old valley glaciers which supplied the ice 
now Ijing here. The whole surface of this portion of the glacier 
is thinly covered with fine dirt and sand, partially supplied by 
winds but largely embedded in the ice. The large amount of dis- 
integrated material that must have existed in this basin and which 
the glacier has removed, together with that constantly supplied 
during its existence would seem ample to account for the material 
that the glacier has brought, and is now bringing, down to Glacier 
bay, judging by the present rate of disintegration. The smaller 
size of the moraines on the central and western portions of the 
glacier is readily accounted for. The branches from the west and 
northwest are adjoined by quartz-diorite mountains which dis- 
integrate much less rapidly than the slates, being fissured less 
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abundantly and more uneciually. In the central part of the glacier 
most of the morainic material disappears down the crevasses. The 
effect of the transition from smooth to rough ice on the appear- 
ance of the moraines is well shown on those which come down just 
to the we«t of H. After a crevasse is formed the sun melts back 
its north wall rapidly, (juickly converting a broad ridge of ice into 
a very sharp one, changing the appearance of the ridges qiiickly, 
and causing most of the moraine load to be dropped. * 

Surfact' Fi'dtures produvj'd hif Miiir Gfan'rr. Stirf'ace pnnlaced 
OH ridges at right angffs to the tnoremrnt. — On all the mountain 
slopes which Muir glacier has overrun, a tendency toward the 
production of a surface consisting of small, shallow valleys sep- 
arated by low ridges is seen, lx)th trending in the direction in 
which the ice has moved. This configuration of surface is most 
marked on narrow ridges whose long axes make an angle approach- 
ing 90° with the direction of ice movement. Nunatak G, the 
ridge l)etween the Western branch and the Dying glacier valley, 
and in a less degree the northerly spurs of Mt. Wright, present 
excellent examplest. The production of such surfaces in this 
region depends on the presence and distribution of the fissure 
planes. Weathering takes place along these planes to varying 
depths, resulting in the loosening of V shaped blocks of varying 
sizes. After such decay has been in progress for a considerable 
length of time, a glacier riding over the ri<lge and removing 
loosened matx»rial will tend to leave a surface comix)sed of ridge- 
like projections with shallow depressions between. This will l>e 
the more marked the more nearlv the trend of the fissures coin- 
cides with the direction of the ice. Such a surface could scarcely 
be produced if the angle between these two was a considerable 
one. Even without the presence of the fissure planes it is con- 
ceivable that there wouhl \)e a tendency toward the production of 
such surfaces in r(»gions where rock decay had taken place to 
varying depths. But no such cause* can be assigned here because 
the rapidity of disint<?gration prevents decay in place. 

Lnkfu. — On the tops of all the low mounUiins bordering Muir 

* In respect to the size of its moraines Muir glacier seems to be an 
exception to the generality of Alaskan glaciers that I have myself seen 
or have seen described. Compare I. C. Russell, Bull U. S. Geol. Sur. 
Vol. I, p. 151. 

|Ju9t such surfaces are figured by John Muir in his paper in the re- 
port of the cruise of the Corwin in the Arctic ocean — 1885 — on the 
glaciation of the region. 
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glacier over which the ice has swept, diminutive lakes occur. 
Two are found on nnnatak H, five or six on G, several on the 
spurs of Mt. Wright, others on the ridges on the western side of 
the inlet, occasionalh' one on the islands in the bay. The}' occupy 
small depressions or basins on the tops of these ridges. 
Through a large part of the year these are filled with snow, but 
in all those obsen^ed this snow entirely disappears during sum- 
mer. Some of these small basins are dry for a part of the sum- 
mer, ])ut in the case of most of them, either snow or water is 
found throughout the year. They depend solely on the precipita- 
tion for their water supply, and the loss is by evaporation mainl}-. 

They are all very small, only a few yards in diameter and with 
no great depth. Some of them clearly occupy rock basins, rock 
in place being readily traced all round them, the pr(K>f that ice has 
filled the basin lx»ing furnished by the stria* whicli run in at one 
end and out at the other. Other Ifikes have a portion of their 
shores formed of glacial debris. The conclusion cannot be avoided 
that these hollows were the work of ice. In most cases the method 
of their formation seems clear. Thev mainly lie in the small val- 
leys on the mountain ridges, whose origin has been referred to,* 
occupying the most depressed parts of those valleys. The ice mov- 
ing down this slope must have impinged with great force at the 
lx)ttom, tending to the production of a hollow, especially if aided 
by a somewhat greater amount of loosening of the blocks than 
usual. The sides of these valleys are not planed smootli by the 
ice, but present surfaces of considerable roughness. 

Tlie rough edges have uniformly been somewhat smoothed, but 
the characti»r of the surfaces seems to me to clearly show that the 
valleys and the basins have been formed by the removal of 
loosened blocks, leaving a rough jagged surface whose edges have 
been smoothed and polished. 

The ulamh in Gfncicr htit/. — Several low islands project from 
the waters of Glacier bay, two of them occuring in Muir inlet. 
Upon them all, the two in Muir inlet especialh', the ice must have 
exerted great force, for they lie directly in its path at a time when 
it was hemmed in between high rock}-' walls. Moreover the ice, 
in Muir inlet at least, had just passed from a wide amphitheatre 
into a narrow valley, in which last it must have moved with con- 
siderably accelerated velocity. As a natural result the rocky 

♦See ante. 
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walls of this gap and the low crags occurring in it as islands are 
smoothed, polished and striated in a liigh degree. On the islands 
especially, beautiful examples of stria? occur, following ever}* lit- 
tle irregularity which the sides present. Strite a8C4?nd and de- 
scend, both straight and obliquely; curve in various ways and in 
various planes; occur on the lower side of overhanging surfaces; 
not uncommonly produce beveled edges. The ice evidently fitted 
itself to them like a glove. This local character of the striae on 
the mountains, in or adjoining the path of the ice is a noteworth}' 
feature throughout this region, and very important in its bearing 
on the nature of the movement of glacial ice, close to the bottom 
and sides of its valley, showing a great complexity of movements de- 
pending on the configuration of the surface. Often the most in- 
significant obstacles suffice to cause a cliange in the direction of 
the striae. The finest example of striation in the region is fur- 
nished by the small limestone island in Glacier bay on which fos- 
sils were found. The whole island is covered from end to end 
with the freshest and prettiest stria? one could wish to see, and 
examples are furnished of nearly all the variations that stria? can 
exhibit. 

The gravels along Muir inlet. — These gravels have been described 
in a previous part of this paper, with mention of the fact that the 
ice overruns them, and of the evidence that it formerly did so in 
great mass and for a considerable lapse of time. 

These deposits are essentially unprotected and lie in the nar- 
rowest part of the narrow gap in which the ice must have exerted 
its greatest force. Yet in the last advance of the glacier over this 
spot a considerable thickness of these unconsolidated deposits 
was not removed, t 

Old surface feat nrv» not ohUtvratfd. — On the mountains in Muir 
glacier basin from which the ice has recently retreated, surface 
features are occasionally observable which seem incompatible with 
the theory that glaciers vigorously erode hard rock. For example 
on the east side of 11, along and over which ice of great thickness 
must have moved, a gully exists running down the side directly at 
right angles to the direction in which the glacier is moving. This 
gully has no great width nor depth. It is inconceivable that ice 
moving along the sides of such a mountain should cut out a 
gully of the kind running down the mountain directly at right 

t See G. F. Wright. Ice age in North America, p. 203. 
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angles to the movement of the ice. On the contrary had the 
glacier been vigorously eroding the mountain side its tendency 
would have been to obliterate the gully by grinding down the 
sides to an equality with it. That the gully was filled with ice 
moving along it and at right angles to the motion of the main 
mass is shown b}' the perfectly preserved striae in the gull}' having 
that direction, while the striae on the mountain sides close at hand 
liave the direction of the main movement. Granting the erosive 
power of glacial ice. the slow moving tongue of ice in the gully 
could have had little erosive power compared with the great mass 
sweeping over it along the side. Hence the erosion should have 
caused its disappearance. That the glacier has done little more 
than to remove the loosened rock and polish the resulting surface 
is shown in a vast number of localities here by the character of 
that surface. Where the ice has been forced through a narrow 
gap the sides of that gap are planed to a pretty smooth surface. 
Where it has run against an obstruction in its path it has 
pretty thoroughl}' polished the sUtss side. Otherwise the surface 
presented is a somewhat jagged one with the rough edges ix)l- 
ished but not much planed down, showing that after the loose, 
fissured material was removed, leaving a somewhat pitted surface, 
the ice was even unable to obliterate the traces of the cavities 
from which the last blocks were removed. This naturally is more 
especially true of the harder eruptives than of the softer rocks, 
and such surfaces are well shown on (i and H. 

Sediment brought doicn by strfamx. — Estimates of the amount 
of material brought down by the glacier are difficult to obtain 
owing to the fact that the material is all carried into the sea, that 
the number of sub-glacial streams is not known, and that there is 
no evidence that those which issue from the ice directly into the 
water carry as much sediment as those which issue from the cor- 
ners and flow through the gravels. I could find no evidence incon- 
sistent with the supposition that the debris falling on the surface 
of the ice yearly, together with the previously disintegrated 
material which the ice has removed and is removing is amply 
sufficient to account for all the detritus deposited at the front of 
the glacier. The amount of material in sight on the surface of 
the glacier is enormous. 

Rock bdsiHH, The manner of occurrence of the small rock 
basins found in the district has already l>een given, together with 
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the evidence that they have been scooped out b}' the ice. Even 
this however, at least in the case of all which I saw, does not seem 
to me to necessitate the theory of the great erosive power of ice. 
All these basins which 1 saw lie in small valleys on the mountain 
tops whose presence seemed to depend on the fissure systems and 
on the varjing depths to which loosening of blocks had taken 
place. They lie at the foot of slopes down which the ice moved 
impinging with unusual force at its base, where the greatest 
amount of polishing and striating has taken place. 

Those who hold the power of glaciers to vigorousl}^ erode hard 
rock under most circumstances it seems to me take an indefensi- 
ble iK)sition. At Muir glacier, in just the position where the 
greatest erosion would naturally be expected, soft gravels have 
l>een undisturbed by the ice. The ke}' setting forth when glaciers 
will erode and when not, is certainly lacking at present. 

It is very advisable that a ptolonged and detailed study of Muir 
glacier should be undertaken. It is a comparatively large glacier 
rapidly d^'ing out, and presents an admirable opportunity for 
studying the behavior of a large glacier under such circumstances. 
Such work could not fail to prove of great value. 



PLEISTOCENE PAPERS AT THE WASHINGTON 

MEETINGS. 

The following brief notes of papers treating of the Pleistocene 
or Glacial period are arranged in the order of their presentation 
before the three successive scientific meetings in Washington, D. 
C, August 17th to September 1st, 1891. 

American Association for the Advancement of Science. 
Section E. Geology and Geography. 

Source of supply to lateral and medial moraines. By John 
T. Campbell. A short paper, describing moraines in Indiana. 

Postyhicial anticlinal ridges near Ripley and Caledonia, Neir 
York. By G. K. Gilbert. In Ripley, the most western town- 
ship of New York bordering lake Erie, a cliff of Devonian shale 
forming the lake shore displays a small anticlinal disturbance of 
the beds, which at the surface are raised in a ridge six or eight 
feet high. This disturbance extends down in graduall}' diminish- 
ing amount through the 40 feet to the lake • level, but apparently 
not much lower. Like other small ridges of Devonian shale in 
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northwestern Ohio, and of Trenton limestone in northern New 
York, they are shown to have been formed after the departure of 
the last ice-sheet, and are attributed to the postglacial rise of 
temperature and consequent expansion of the rocks. 

Another locality of somewhat similar phenomena is at Lime 
Rock, close west of Caledonia and near the east line of LeRo}', 
Genesee county, N. Y. A great number of small anticlinal ridges 
there seen are postglacial, but they differ in type and probably in 
origin from the foregoing. They are mainly parallel with each 
other and with the strike of the strata, and the anticlinals are 
usually unsymmetric and much fractured. The surface rock is 
Comiferous limestone, underlain by Salina shales, in which a few 
miles northward the drill has discovered a bed of salt. Strongly 
saline springs show that here salt and gypsum are being removed 
from the shales somewhat rapidly by underground drainage, and 
Mr. Gilbert concludes that the overl3'ing limestone sinks in large 
masses, and that the ridges are the superficial phenomena of the 
partings of these blocks. 

In the discussion of this paper, Prof. E. W. Clavpole spoke 
of the irregular sinking of the surface in the salt mining district 
of Cheshire, England, whereb}- buildings and chimneys are 
< caused to lean and fall if not rebuilt. 

Proa't<sfis of mountn in-lniild i ng and their relationship to the 
tarth's contraction. By Warren Upham. The concluding part 
of this paper pointed out the evidences of unusual activity of 
the forces which produce folding of mountain ranges, eruption 
of lavas, and epirogenic uplifts and subsidences, during the 
Pleistocene period, in comparison with previous geologic time 
since the end of the Palaeozoic era. To this Pleistocene or Glacial 
period l)elong much plication and uplifting of the Coast range, of 
the St. Elias range, of the Sierra Nevada, Wahsatch, and other 
Basin ranges, and much of the grand outpouring of lavas from 
Lassen Peak and Mt. Shasta northward along the Cascade range 
and eastward to the Yellowstone National Park. 

In the ensuing discussion. Prof. Joseph Le Conte referred to 
the proofs of great Pleistocene uplifts of North America, shown 
by river channels submerged by the sea to depths of 2,000 to 
3, 000 feet on both the Atlantic and Pacific coasts. 

On the cranial characters of Equus euccehus Leidy. B}* E. D. 
Cope. Exhibition of the skull of an extinct horse from the 
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Equus beds of western Texas, with which stone implements are 
also found, eml)edded in the same stratum. This skull w^as 
broken in upon the forehead, as if by a rounded stone used as a 
weapon ; and it was suggested that the prehistoric extinction of 
the genus Equus on this continent, as also of other large Pleis- 
tocene animals, may have resulted from their chase and slaughter 
for food by the contemporaneous savage tribes of men. 

Exhihition of crrfain bones of Megnlouy^c not he/or*' known. 
By James M. Safford. The bones were recently found em- 
bedded in earth on the floor of Big Bone cave, in eastern Tenne- 
see. They include the pelvis, and supplement the collection of 
Megalonyx bones long ago found in the same cave and descril)ed 
b}' Leidy. It is therefore likely that the two collections represent 
the same individual. The lateness of extinction of this animal 
is indicated by portions of the cartilage of the joints still adher- 
ing to the >x)nes. 

Prof. E. D. Cope, in discussion, stated that Megalonyx appeal's 
to have been an exclusively North American genus. 

On the probable existence of a second driftless area in tht- .VtV- 
sijipi basin. B}^ R. D. SALISBURY. This area lies in the space 
between the Mississippi and the Illinois river near the mouth of 
the latter stream, and is comprised in Calhoun county and the 
southern part of Pike county, Illinois. Its extent is perhaps 500 
square miles. Hundreds of good sections observed on the high 
summit plain of this area and at heads of its ravines show no 
glacial drift or till. On its borders the drift is attenuated, like 
the tracts of the early drift sheet bordering the Wisconsin drift- 
less area. The topographic features of castellated rock cliffs and 
pinnacles are similar in both these areas. The surface of this 
smaller driftless area is mostly loess, from 15 to 50 or 60 feet in 
thickness; and this is often seen to rest conformably on a gravel 
and sand deposit, which may be the representative of the La- 
fayette formation or Orange Sands. 

The Cincinnati tee dam. By FRANK Leverett. Examination 
of the Ohio valley during this summer shows that fine silt over- 
lies the till along the valley both above and lie low Cincinnati. 
This silt constitutes a continuous formation, and must be 
ascril>ed to deposition during a time of very gentle drainage sub- 
sequent to the retreat of the ice-sheet from its extreme limit, 
which crosses the Ohio river into Kentuck}' as traced by Prof. (I. 
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F. Wright. The ice dam which Wright and others supposed to 
have turned the Ohio temporarily out of its valley, so as to flow 
around the ice- front, producing a lake above Cincinnati, was not 
the cause of this silt deposit, nor of the conspicuous terraces of 
the Ohio, Monongahela, and Allegheny rivers, which are of 
fluvial origin, sloping in the same directions as the present 
streams. 

Prof. J. W. Spencer, in discussion, stated his belief that de- 
pression of the land to the sea level accounts for the silts of these 
valleys and for the Pleistocene shore lines about the great lakes 
tributarv to the St. Lawrence. 

President T. C. Ciiamberlin replied that in basins sloping 
northward the receding ice-sheet, pausing at many stages which 
are markeil b}' moraines, was a barrier holding these lakes at the 
higher levels of their ancient beaches. 

The (iftttiuh' o/ the eastern and central j|)or/iow« o/* /^c United 
States during thr Glacial period. By T. C. ChambERLIN. The 
deposition of loess in the lower Mississippi valley was contem- 
poraneous with the maximum extension of the ice-sheet in this 
basin, during the earlier great epoch of glaciation. The attitude 
of the land was then low, with verj- slack drainage, allowing this 
flne silt to be spread b}* broad river floods or in shallow lakes. 
A long interglacial epoch followed, in which the Mississippi basin 
was moderately uplifted, with increasing amount toward the north. 
Great erosion of the loess and of the underlying gravel and sand, 
formerly called Orange Sand but now named the Lafayette forma- 
tion, took place during this interglacial time. The waters flowing 
from the ice-sheet and terminal moraines of the later glaciation 
carried much gravel, sand, and fine silt into the channels of trib- 
utaries of the Mississippi, and along the broad, deeply eroded 
valley of this river, showing conditions of drainage similar to 
those of the present time. On the Atlantic coast marine cla3's 
overlying the till in southern Maine, along the St. Lawrence, and 
in the basin of lake Champlain, proved that during the maximum 
advance of the ice-sheet and its recession the land was depressed 
somewhat lower than now. President Chamberlin therefore con- 
cludes that the Ice age was not attended by any high elevation of 
these regions. [See this paper in the Nov. Geologist.] 

Mr. Warren Upham, in discussion, noticed that this paper 
treated onlj* of the closing part of the epochs of glaciation, when 
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the ice attained its farthest limits and especially when it was 
rapidl}' retreating. He thought that the view presented first by 
Dana, in his address as retiring president of this Association in 
1855, is more probable, namely, that a great elevation of the 
country, shown by fjords and deeply submerged valleys, at- 
tended and caused the ice accumulation; that the time of de- 
parture of the ice was one of depression, which we now recog- 
nize to be due to the vast pressure of the ice itself; and that 
there has been a partial re-elevation since the Glacial period. 

Neocene and Pleistocene continent movements. W J McGee. 
Changes in the relative hights of land and sea on the coastal 
plain of the southern Atlantic states during the later part of the 
Tertiar}' era and in the Pleistocene period are shown by the Ches- 
apeake, Lafayette ( formerly called Appomattox), and Columbia 
formations. The Chesapeake formation, consisting of fine sands 
and clay, of Miocene age as known b}' its fossils, was deposited 
during a marine submergence of the coastal plain and edge of 
the hill}^ Piedmont belt. After an interval of moderate uplift 
and erosion, the next overlying Lafa^^ette formation, considered 
provisionally as Pliocene, was deposited, consisting of gravels, 
sands, and fine loams. These are referred to marine sedimenta- 
tion of the tribute brought by infiowing rivers from the adjacent 
Piedmont and Appalachian belts, the amount of submergence 
below the present sea level being several hundred feet. No fos- 
sils, however, are found in this formation. Directly following 
the time of the Lafayette deposition, a prolonged stage of high 
land elevation is shown by deep channelling of the Lafayette 
beds, and by great erosion of gorges in the hilly and mountainous 
belts on the west. The next epoch of deposition is the Colum- 
bia, correlated with the earlier glacial epoch, when gravels, sand, 
clay and loam, destitute of fossils and enclosing occasional ice- 
floated boulders, were deposited along the river valleys and over 
considerable areas of the coastal plain. This formation is re- 
garded as evidence of estuarine and marine submergence, de- 
creasing from a depth of fully 400 feet in the latitude of New 
York to 150 feet at Washington and perhaps 75 feet in the lati- 
tude of Cape Hatteras, but thence increasing to about 700 feet 
on the Savannah, again diminishing to less than 50 feet at Mobile 
bay, and again increasing farther westward and northwestward. 
The Columbia deposition, like the Lafa3'ette, was immediatel}' 
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followed by a stage of greater elevation than now, with active 
erosion. 

Prof. E. W. HiLGARD, in discussion, described the cross-bed- 
ding or **flow and plunge structure " of the Jjafayette formation 
along the Mississippi valley, attributing it to fluvial instead of 
marine deposition. The size of its pebbles on the lower Missis- 
sippi indicates for the river during the Lafayette epoch a gradient 
which would place the northern portion of its basin probably 
3, 000 feet higher than now. 

Prof. C. H. Hitchcock referred to the marine beds of Maine, 
the St. Lawrence, and lake Champlain, enclosing arctic species of 
shells, as proof of subsidence of that region while the climate of 
the Glacial period still lingered there. 

Mr. Upham regarded the Lafayette and Columbia formations 
as fluvial deposits spread upon the coastal plain during epochs of 
plateau-like high altitude, and correlated these formations re- 
spectively with the first and second great glacial epochs. Before 
each of these stages of continental elevation, the Piedmont and 
Appalachian regions had long lain at lower altitudes, and their 
surface was largely occupied by residual clays and by alluvial 
sand and gravel. With the elevation of the region, increased 
rainfall and snowfall and resulting river floods swept away these 
superficial materials from the mountain valleys and spread them 
on the plain, where the streams expanded over broad areas with 
shallow and slackened currents. When soon the supply of ma- 
terial decreased, the streams cut deeply into this plain. The 
Indo-Gangetic plain, south of the Himalayas, was cite<l as an 
analogous fiuvial formation of vast extent and rising from the 
sea level to an altitude of more than 900 feet. 

^•l stmly of the/oasil ati/anna of the Silver Lalcc region, Orv- 
gon. By R, W. Shufeldt. Many bones of birds are found in 
the Equus beds of this district. About fifty species of birds are 
determined, of which fifteen or sixteen are extinct, the propor- 
tion being nearly the same as of the associated mammalia. 
Nearly all are water l>irds, but the prairie hen was also abundant. 
Among the extinct si>ecies are a fiamingo, a heron, a raven, and 
a blackbird. 

The highest old shore line on Mackinac island. By F. B. Tay- 
lor. Five well-marked beach ridges of gravel and sand are 
found on this island, adjoining the strait between lakes Huron 
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and Michigan, at bights from 170 to 205 feet above the level of 
the lakes and strait. Proceeding thence a>30ut forty miles south- 
westward to Petoskey, the highest of these beaches gradually 
declines to alK)ut 100 feet, having a gradient of 2^ feet per mile; 
but l)e3'ond Petoskey it falls only six inches per mile. Higher 
shore lines are found on the mainland, but not on this island, 
which attains an altitude of about 300 feet. 

tStn'ff and Sfickensides nt Alton, Illinois. By J. E. ToDD. 
Descriptions of superficial strife, and of slickensided rocks 
exposed by quarrying. The two were regarded b}' the speaker 
as of similar origin, and therefore not indicative of ice action : 
but Prof. Salisburv and Mr. Leverett, who had also seen these 
stria?, confidently regard them as glacial marks. They are situ- 
ated within the drift-bearing area, near its l)oundarv. 

Geological Society of America. 

On the Qaaternary chnngt's of level in Scandinavia. By 
Baron Gerard de Geer, of Stockholm, Sweden. Fossiliferous 
marine beds and former shore lines, overlying the till, occur in 
Sweden and Norway, increasing in hight toward the interior of 
the country. The greatest elevation at which they have been 
found is 800 feet, and a continuation of their gradient to the 
axial area of the Scandinavian ice-sheet would imply a maximum 
depression of the land there to a depth of fully 1,000 feet. At 
the time of this occupancy of the lower portions of the country 
by the sea. not more than one two-hundredth part of the ice re- 
mained still unmelted. In places shallow straits stretched across 
southern Sweden, but the enlarged Baltic sea on the east side of 
this peninsula was only brackish, lacking much of the saltness of 
the ocean. After this submergence, the land was uplifted some- 
what higher than now, perhaps as much as 100 feet; and the cli- 
mate or at least the temperature of the sea was warmer than now, 
as is shown by southern species of shells in the kji^kken-mOd- 
dings. Another depression of the land ensued during the early 
part C)f the Neolithic age, when there was a marine submergence 
to the extent of 100 feet at Stockholm and about 200 feet in some 
other parts of southeastern Sweden. The first and greater de- 
pression closely attended the latest glaciation, and in some places 
reached its maximum after the retreat of the ice; and the second 
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depression, within Neolithic time, was probably only a few thou- 
sand 3'ears ago. 

Muir glacier ami ita vicinity, l^y H. P. CusHiNCJ. An inter- 
esting description, with lantern illustrations. The rate of glacial 
motion near the border, according to Mr. Cushing's measurements, 
is four to eight feet per day, being much less than the rate deter- 
mined by Wright for the more central portions of this famous 
Alaskan glacier. [See this paper, p. 207.] 

The preacnt staiuJiiig of the several hypotheses (if the en use of 
the Glacial pei-ioiJ. By Thomas C. Chamberlin. The restric- 
tion of the great areas of Pleistocene glaciation to one side of 
the northern hemisphere forbids our receiving the ingenious 
astronomic theory of the late Dr. Croll as an adequate explana- 
tion of the causes of the Ice age. Also, from the line of argu- 
ment employed In' the speaker in his previous paper before the 
American Association, the theory of high uplifting of the land 
to account for the ice accumulation seems equally untenable. 
An elevation of 10,000 or 15,000 feet would probably be re- 
quired, and this great uplifting must be shown to have been con- 
temporaneous and co-extensive with the glaciation. Therefore, 
finding no evidence of such continental elevation, the most prob- 
able theory is l)elieved to be that of changes in the position of 
the earth's axis and its poles, bringing the glaciated countries into 
high latitudes with arctic climate. A paper presented before the 
astronomic section of the American Association at this meeting 
by Prof. George C. Comstock, on * ' The secular variation of ter- 
restrial latitudes," shows that a slow change in the place of the 
north pole is now in progress and has amounted to four and a half 
seconds during the past century. Such movement of the |K)le 
may have been more rapid during the (rlacial period. If the 
north pole were transferred fifteen or twenty degrees toward the 
south end of Greenland, the drift-covered areas of North America 
and Europe would be brought into latitudes favorable for their 
envelopment b}- ice. 

Prof. C. H. Hitchcock, in discussion, suggested that the suns 
heat mav have been variable, beinor considerablv diminished dur- 
ing the glacial epochs. 

Prof. N. S. SiiALKR distrusted the explanation by movement of 
the earth's axis, and inclined instead to believe that geographic 
•changes during the Glacial period induced cool and humid cli- 
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mates, with abundant snowfall but not excessive cold, where the 
ice-sheets were acx^umulated. 

Mr. Warren Upiiam referred to recent calculations by Prof. 
T. G. Bonney, that a decrease of about fifteen degrees in the 
mean temperature of Europe and North America might reinstate 
a glacial epoch. For this change, according to observations of 
mean temperature as dependent on altitude, an elevation of 5, 000 
feet, or probably even of 3,000 feet, would suffice. Fjords of 
Arctic and northern shores of all glaciated regions, the continua- 
tion of the Hudson valley to a depth of 2, 800 feet below the sea 
level, and equally deep submerged valleys on the coast of Cali- 
fornia, demonstrated by Le Conte to belong to the Pleistocene 
period, show that the unique Ice age was closely attended by a 
very remarkable epirogenic uplifting of this continent. Two so 
wonderful geok)gic episodes probably sustained causal relations 
to each other, the great elevation being the cause of cool climate 
and ice accumulation. Such geographic changes seem also more 
likely to come on rapidly, to cease by ensuing depression, and 
afterward to Iw renewed, than would seem possible for changes 
of the poles. The present rate of change of the north ix)le is 
about 450 feet (iuring a hundred years, but the distance that it 
should be removed to produce each glacial epoch of the two or 
more recognized within the Pleistocene period is 1,000 or 1,500 

miles. 

On thv. nftrfhirarff ami ensttcnrd extension of Pre- Plelstovrne 

gravels in thr hasin nf the MisHUsippi. By R. D. SALISBURY. 
The Lafayette formation is found to extend beneath the glacial 
drift in western Illinois al)out 100 miles northward from the drift 
Ixjundarv, to the vicinitv of Keokuk, Iowa. Farther to the north, 
at Rock Island, the same formation is known to have existed, for 
pebbles of its gravel occur in the drift. Some of the gravels of 
the driftless area in Wisconsin arepn)babl3' also of Lafayette age. 
In the Ohio basin the Lafayette gravel contributed to the drift as 
far eastward as the southeast corner of Indiana. 

On certain f.rtra-niorainie (fri/t phenomena of Ken- Jersey, By 
R. D. Salisbirv. Deposits of undoubted till have l)een discov- 
ered five to twentv miles south of the terminal moraine which 
was mapped about fourteen years ago across northern New Jersey, 
and which has since been supposed to be the extreme limit of 
glacial action. The l)oulders and smaller rock fragments of this 
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till are much decayed and coloi*ed by oxidation of their iron. 
A large proportion of them yet show glacial striation, and this is- 
notably true of the occasional masses of soft shale, which could 
not endure water transportation. In one place the till lies on a 
highland 300 feet above the moraine, which is there three miles dis- 
tant to the north. The thickness of this extra-morainic till ranges 
from 30 to 70 feet, as shown by sections and wells. Judging from the 
contrast in their degrees of oxidation, this till appears to be surely 
ten times and quite probably flft}' times older than the moraine. 

Inequality of distribution of the englacial drift. By Warren" 
Upham. The detritus which was contained within the ice-sheet, 
called englacial drift by president Chamberlin, is ver}^ unequally 
distributed. Tracts in New England, New York, Minnesota, and 
Manitoba, were described, some of them notable for the abun- 
dance and others for the scantiness of the englacial drift. Its 
amount or average thickness held within the ice at the time of its 
final melting and then exjx)sed on the ice surface, as on the 
present Malaspina glacier at the foot of the St. Elias range, is 
estimated to have varied, in the northern United States and in 
Manitoba, from almost nothing to about forty feet. The rela- 
tionship of the englacial drift to the terminal moraines, and the 
forms in which it was deposited during the departure of the ice, 
namely, as englacial till, perched blocks, kames, osars or eskers^ 
valley drift, loess, and deltas of glacial lakes or of the sea, were 
briefly noticed. 

Di^floration and defornwtion of alluvial deposits in New Eng- 
land. By Homer T. Fuller. Effects of drought and winds on 
sandy river terraces, producing dunes since the clearing of the 
original forest, were described; and the speaker recommended 
the re-foresting of many of these tracts. 

On a deep boring near Akron, Ohio, and its significance. By 
E. W. Claypole. a preglacial or interglacial channel of the 
Cuyahoga river in the south part of Akron, now filled with silt, 
has a depth of 390 feet. In another channel somewhat farther 
east and tributary to the foregoing, a boring this summer passed 
through about 150 feet of gravel, in which, near the underlying 
rock-bed, a stone arrow-point was found. 

International Geological Congress. 

The second day of the Congress was devoted wholly to discus* 
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sion of the classification of Pleistocene formations. President 
Chamberlin opened the discussion by remarking that it is possi- 
ble to classify these deposits upon three bases: 1. Structural; 
2. Chronological; 3. Genetic. He then presented, in printed 
form, a * • ProiX)sed genetic classification of Pleistocene glacial 
formations." The general classes were noted as follows: — 

I. Formations produced by direct action of Pleistocene 
glaciers. 

II. Formations produced by the combined action of Pleis- 
tocene glaciers and accompanying glacial drainage. 

III. Formations produced by glacial waters after their issu- 
ance from Pleistocene glaciers. 

\\ . Formations produced by floating ice derived from 
Pleistocene glaciers. 

\ . Formations produced by shore ice and ice floes due to low 
Pleistocene temperature, but independent of glacier action. 

?VI. Formations produced by winds acting on Pleistocene 
glacial and glacio-fluvial deposits under the peculiar conditions of 
glaciation. 

The first class includes (1) subglaeial till, drumlins, and sub- 
marginal or lodge moraines, these being products formed at the 
base of the glaciers; (2) dump moraines, englacial till, and 
medial moraines, these being products derived from material 
borne on the glaciers and within them ; and (3) push moraines, 
and lateral moraines, these being products of the mechanical 
action of the edge of the ice. 

Under the second class are osars, kames, overwash aprons, and 
other tracts of assorted drift. 

The third class comprises valley drift, loess, and deltas formed 
in lakes or the sea. 

The type of the fourth class is ghicio-natant till, which is sup- 
|X)sed to be deposited in glacier- fringing lakes or in the ocean. 

In the fifth class are various shore ridges, littoral deposits, and 
off shore deposits. 

To the sixth class dunes and eolian loess may be referred. 

In discussion of this scheme of classification. Prof. Albert 
Gai'drv spoke of the Quaternary faunas of the Paris basin, of 
Engliind, (lermany, and Italy, some of which imply cold and 
other's warm climatic conditions. 

Prof. II. Credner and Baron de Geer approved the foregoing 
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classification; but the latter would distinguish the marine de- 
posits as a separate class. 

Prof. T. McKenny Hughes explained the abundance of 
striated boulders in one part of the glacial deposits and their 
absence in another. If the supply of material ( that is, of rock 
masses projecting above the ice ) ceases at any point, then all the 
lx>ulders will gradually sink through the ice and become glaciated 
at the bottom. He thought it advantageous to distinguish long 
gravel ridges Vjy the name osars, and short ridges and knolls as 
kames. He expressed his opinion that the Ice age was a single 
continuous cold period, in England at least, except for slight 
and unimportant oscillations in the extent of the ice-sheet. It 
was probably introduced by a stage of verj' high land eleva- 
tion. 

Dr. F. Wahnschaffe preferred a chronological classification. 
In northern Germany the ground -moraines of two distinct glacial 
epochs are separated by fossiliferous sand and gravel of inter- 
glacial age. 

Prof. H. Credner thought these stratified beds between de- 
lK>sits of till to be merely local, indicating some retreat and read- 
vance of the ice-sheet but no interglacial epoch. 

Prof. A. Pavlow urged the need of a more satisfactory defini- 
tion of the Pleistocene period. 

Baron de Geer recognized two glacial epochs in Sweden, due 
to two great oscillations. These cannot always be separated, as, 
for instance, in Russia. For this reason it is best to commence 
with a genetic classification, since this causes less confusion to 
the field geologist. 

Dr. Wahnschaffe replied to Prof. Credners assertion that 
there is no proof of an interglacial epoch in northern Germany. 
He thought that the existence of a diluvial fauna between the two 
tills is suflScient proof. 

Prof. Credner replied that no complete skeleton has been 
found, but only single bones which may have been transported 
and deposited with the gravel. 

Dr. Wahnschaffe again replied that the l)ones occurring in 
these gravels are proportionately large, when compared with the 
gravels, and therefore cannot well have been transported from a 
distance. 

Prof. N. S. Shaler stated that organic deposits may occur 
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ver)' near the ice-sheet, which allows an interweaving of organic 
and glacial deposits. 

Mr. G. K. Gilbert remarked that in Alaska, according to Mr. I. C. 
Russell's obsen'ations, the waning ice-sheet l^ecomes covered with 
drift and even with a growing furest, in which bears and other ani- 
mals live. 

Dr. Carl Diener suggested that intercalated beds of sand are no 
positive proof of interglacial epochs. In the Austrian Alps moraines 
no more than twenty years old are covered with pasture, and in 
the Caucasus the rhododendron grows to the verj* edge of the ice. 

Dr. N. 0. HoLST mentioned two moraines separated by inter- 
polated sand, and thought that they might both have been formed 
by the same ice-sheet. The melting of the ice leaves an unoxi- 
dized ( blue ) ground-moraine, with an overlying oxidized ( yellow ) 
upper moraine. This also occurs in northern Sweden, where 
there is no indication of a retreat of the ice. 

Baron de Geer could not understand the occurrence of thirtv 
or forty feet of stratified sand between two moraines of the same 
glacial epoch. The colors are sometimes the reverse of what has 
l)een stated by Dr. Hoist, and the boulders in the two moraines 
have been derived from different sources. 

Mr. James C. CiiRisTiEdescribed the section of peat and silt be- 
tween two layers of till, occurring on the river Clyde above Glasgow. 

Mr. Henry M. Cadell reported five distinct layers of till oc- 
curring in a preglacial river channel in 'eastern Scotland; and also 
mentioned another river channel, filled with coarse gravel derived 
from rocks occurring farther north in Scotland, which was covered 
with a later layer of boulder clay. 

Mr. W J McGee mentioned the importance of land forms in 
interpreting geologic processes. Any primary geologic classifica- 
tion must be genetic, but he preferred a comprehensive scheme of 
classification of all Pleistocene formations, whether of glacial or 
other origin, making thus five classes: A. Aqueous; B. Glacial; 
C. Aqueo-glacial ; D. Eolic; and E. Volcanic. 

President Chamberlin, in closing the discussion, said that 
there is great difficulty in applying a chronologic classification, 
and that such a classification may even act as a barrier to observa- 
tion and to the recognition of the truth. Chronologic classifica- 
tion is the ultimate goal of glacial studies, but it is something for 
which we are not as yet prepared. Red, oxidized subsoils are 
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not developed in northern latitudes. Organic deposits between 
glacial layers are abundant in the West, but do not belong to a 
isingle horizon. Many facts of erosion and physical geology in- 
dicate that the Glacial period in America was widely differentiated 
xind of long duration. How many distinct epochs it embraced we 
<lo not as yet know. 

Prof. E. D. Cope asked leave to add a remark concerning Pleis- 
tocene pal«eontolog}'. An abundant tropical fauna is found in the 
E<iuus beds. If these are of interglacial age, there is indicated 
for that time a very warm climate. This fauna is succeeded by a 
truly l)oreal fauna. These may become the basis of a chronologic 
subdivision of Pleistocene deposits. 

Dr. Hans REUscir, of the Creological Survey of Norway, ex- 
hibited slabs of sandstone bearing Palaeozoic glacial striie and 
furrows, from the Varanger fjord (noticed in the Am. Geologist, 
vol. VII, p. 388, June, 18JU). 

During the afternoon of a later day of the Congress, some of the 

igeologic features of the country to be traversed by the western 

excursion, which started immediately after the adjournment, were 

<lescril)ed. The Pleistocene topics were the following: President 

CuAMBERiJN, on the series of terminal moraines, the driftless 

area of Wisconsin, the recession of the falls of St. Anthony, the 

glacial lake Agassiz, etc., and Mr. Gilbert, on lake Bonneville, 

whose area will be entered by the railway excursion party through 

Cache vallej', the old outlet of that lake, and on the recession of 

the falls of Niagara, which will l>e visited after returning from the 

Far West. 

Under the courteous guidance of Mr. N. H. DART()N,of the United 

*States Geological Sur>'e3', many of the meml)ers of the Congress 
examined sections of the Potomac, Severn, Pamunkey, Chesapeake, 
Lafayette, and Columbia formations in Washington and its vi- 
cinity and along the lower course of the Potomac river or estuary. 
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The International Congress of Geologists. Washington Meeting. 
The late session of the International Congress, while an im- 
portant event which will bear fruit in the near future conducive 
to the progress of the science of geology, cannot V^e said to take 
ec^ual rank with those which have preceded it. It afforded great 
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pleasure to numerous American geologists to me^t the continental 
geologists of Europe, with whose work they had l>ecome familiar, 
V)ut whose faces they had never seen, and to grasp by the hand 
some of those whom they had previously known onl}' through the 
exchanges of formal correspondence. But the English-speak- 
ing American, while henrtily welcoming the small numl>erof geol- 
ogists present from Great Britian, was much disappointed that 
the meeting was largely ignored by the lx)dy of English geolo- 
gists. He was still more surprised that his English-speaking 
cousin, who dominates the American continent from the great 
lakes to the northern pole, should have but two nominal represen- 
tatives. Not one official geologist of either Great Britain or 
Canada attended the congress. This anomalous and significant 
fact may be susceptible of an explanation which will not impli- 
cate any one in any unpleasant manner, but at the present time 
it bears the prima far I e evidence of some common cause, l)y 
reason of which our nearest allies preferred to express their 
sense of disapproval by dignified non-attendance. 

From Germany there was a large delegation — twenty-three 
geologists — , from Mexico three, from Peru one, Rou mania two 
(each accompanied by his wife), from Russia eight, (Prof. Pavlow 
also had his wife with him), from Sweden four, Norway one, Bel- 
gium three, Switzerland two, Austria-Hungary three. Chili one. 
and from France five. From the United States one hundred and 
forty-eight were registered (including ladies), of whom fifty-three 
are connected with the United States Geological Survey. Ten 
active ^ 'state geologists ' were present, and other state survey's 
( Michigan and Kentucky ) were represented by geologists em- 
ployed thereon. From New York city six attended, and from 
other parts of New York state eleven. From Philadelphia came 
six, and. from other parts of Pennsj'lvania three. There were 
four from Baltimore, and none from other parts of Marjiand. 
New Hampshire and Vermont each sent one. Massachusetts sent 
fourteen, Connecticut four, and Rhode Island two. There was 
one present from New Jersey, one from Virginia, and one from 
West Virginia. Two registered from North Carolina, and one from 
South Carolina. There was one each from Florida, Georgia, Arizona 
and Alabama, and three came from Texas. From Arkansas three 
were present, from Missouri five, from Colorado, S. Dakota, Kan- 
sas and Nebraska one each, and from California four. Ohio sent 
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six, Indiana and Minnesota each one, and Iowa and Illinois five 
and four respectively. Michigan had three representatives, Ken- 
tucky one and Tennessee one, and Wisconsin four. From the Dis- 
trict of Columbia there were sixt3'-three members of the congress. 
The congress was organized by the election of the following: — 

Bureau. 

PresidnitH (V honnenr. 
James Hall. James D. Dana. 

PriHiilent. 
J. S. Newberry. 

Allemange — K. von Zittel and H. Credner. 

Angleterre — T. McK. Hughes. Autriche — E. Tietze. 

AusTRALiE — Arch. Livei-sidge. Belgique — E. Van der Broeck. 

Canada — J. C. K. Lafiamme, Thos. Macfarlane. 

CniLi — F. I. San Roman. Hongrie — Joseph von Szabo. 

Danemark — F. Johnstrup. Indes — F. R. Mallet. 

EcossE — H. M. Cadell. Irlande — A. Solhis. 

EsPAGNE — M. F. de Castro. Italie — G. Uzielli. 

France — A. Gaudr}', Mexique — A. del Castillo. 

Chas. Barrois. 
NouvelleZelande — F. Hutton.NoRVEGE — H. Reusch. 

Portugal — J. F. N. Delgado. Suede — Gerard de Geer. 

RouMANiE — G. Stefanescu. Suisse — H. Golliez. 

RussiE — Th. Tschernyschew. Etats-Unis — Joseph Le Conte. 

F. Schmidt. J. W. Powell. 

A. Pavlow. Raphael Pumpelly. 

Secret <( u'^'k yen em hjt. 

11. S. Williams, S. F. Emmons. 

S*c.i'etah'fH, 

J. C. Branner, Emm. de Margerie, 

G. H. Williams, F. Freeh, 

C. Diener, Whitman Cross. 

Tresorii'i'. 
Arnold Hague. 

The following abstract of the proceedings of the congress is 

taken from the daily printed record kept by the secretaries, and 

is ''subject to revision.'' 

SESSION OF AUG. 27,1891, 11.40 A. if. 

Prof. Joseph Le Conte, Vice-President, in the chair. 
As there were no reports of committees, the discussion on the classifi- 
cation of Pleistocene deposits was at once entered upon. 
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Prof. T. C. Chamberlin opened the discussion by remarking that it was 
possible to classify these deposits upon three bases: 1. Structural; 2, 
Chronological; 3. Genetic. 

A scheme of classification according to genesis was offered to the Con- 
gress in printed form and explained at length. 

Prof. Gaudry spoke as follows: In the Parisian basin there are two 
different horizons distinguished by different faunas; the one indicating a 
cold, the other a warm climate. It is, however, impossible to decide 
which of these two periods was the earlier. In England the same con- 
dition of affairs is to be observed. In Germany there is but one Quater- 
nary fauna, which indicates a cold climate, whilst in Italy the fauna of 
the cold period is absent. 

Prof. H. Credner: The north German plain contains deposits closely 
related to those of the Pleistocene in America. Prof. Chamberlin*s 
classification is admirable and wholly applicable to Germany. 

Baron de Geer expressed his approbation of the classification proposed 
by Prof. Chamberlin. lie had for some years been advocating a similar 
classification for Scandinavia. A few minor alterations might be sug- 
gested to suit Scandinavian conditions; for instance, the marine deposits 
might be made a separate class; classes IV and V of Prof. Chamberlin 
could, perhaps, be reduced to sub-classes under III, as the formations 
frequently seem to be accidental or local. He agreed with the distinction 
suggested between osars and kames; that is, that the former are in the 
main radial and the latter peripheral with reference to the distribution 
of land-ice. 

Prof. T. McK. Hughes pointed out that the classification given by Prof. 
Gaudr}' was purely chronological, whereas that suggested by Prof. 
Chamberlin was purely genetic. He then explained the abundance of 
striated boulders in one part of the glacial deposits and their absence in 
another. If the supply of material (that is, of rock bosses above the ice) 
ceases at any point, then all the boulders will gradually sink through the 
ice and become glaciated at the bottom. Prof. Hughes also thought 
that two distinct types of ridges formed of glacial material were con- 
fused under the names: kames, osars and eskar. He also explained the 
**pitted plains" as due to an unusual interruption between the hills or 
ridges of eskar character. He expressed his opinion that the glacial 
period was a continuous one, in England at least, except for slight 
changes due to unimportant oscillations. 

Dr. Wahnschaffe advocated the chronological classification, and con- 
sidered such a one possible for the Quaternary deposits of north Ger- 
many. These deposits begin with pre-glacial sands and gravels contain- 
ing Paladina (lilutiana^ which is still a living form and Litoglyphui 
natoroi(If'». Above these follows a typical ground -moraine which is 
overlaid by stratified sand and gravel, containing the well-known diluvial 
fauna; and to these again succeeds the upper till, considered now as the 
ground-moraine of the second glacial epoch. 

AFTERNOON SESSION. 

Continuance of the same discussion. 
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Prof. H. Credner: The occurrence of the sand between two ground- 
moraines indicates a retreat and second advance of the ice sheet. Such 
interpolated sands are in Germany always local and no proof of a real 
interglacial epoch. The sand layers between the moraines are not con- 
tinuous, but local, and cannot be ^ven the significance attributed to 
them by Wahnschafle. 

Prof. Pavlow: In order to secure a satisfactory classification of Qua- 
ternary deposits, we must secure a satisfactory definition of Pleistocene. 
Prof. Pavlow said hfi would like to give his own views, but would post- 
pone them until such accepted definition had been arrived at. 

Baron de Geer agreed with Wahnschafle that the chronological class- 
ification is at least locally possible. He also recognized two glacial 
-epochs, due to two great oscillations. These cannot always be separated, 
as, for instance, in Russia. For this reason it is best to commence 
with a genetic classification, since this causes less confusion to the field 
geologist. 

Dr. Wahnschaffe replied to Prof. Credner's assertion that there is no 
proof of an interglacial period in northern Germany. He thought that 
the existence of a diluvial fauna between the two tills is sufiicient proof. 

Prof. Credner replied that no complete skeleton had been found, but 
•only single bones which might have been transported and deposited with 
the gravel. 

Dr. Wahnschaffe again replied that the bones occurring in these 
gravels are proportionately large, when compared with the gravels them- 
selves, and therefore cannot well have been transported from a distance. 

Prof. Shaler: Organic deposits may possibly occur very near the ice 
sheet, which allows an interweaving of organic and glacial deposits. 

Mr. G. K. Gilbert remarked on the observation of I. C. Russell in 
Alaska, that where the movement of the ice is very sluggish, it may 
become covered with soil, or even with a growing forest, in which such 
animals as bears still live. 

Dr. Diener remarked that intercalated beds of sand were no positive 
proof of interglacial periods. In the Austrian Alps moraines no more 
than twenty years old are covered with pasture, and in the Caucasus the 
rhododendron grows to the very edge of the ice. 

Dr. Hoist mentioned two moraines separated by interpolated sand and 
thought that they might both have been formed by the same ice sheet. 
The melting of the ice leaves an unoxidized (blQe) ground-moraine, with 
an overlying oxidized (yellow) upper moraine. This occurs in northern 
Sweden where there is no indication of a retreat of the ice. 

Baron de Geer could not understand the occurrence of thirty or forty 
feet of stratified sand between two moraines of the same glacier. The 
colors are sometimes the reverse of what has been stated by Dr. Hoist, 
and the boulders in the two moraines have been derived from different 
sources. 

Mr. Christie described the section of peat and silt between two layers 
•of till, occurring on the river Clyde, above Glasgow. 

Mr. Cadell described some five distinct layers of till occurring in a 
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pre-giacial river channel in eastern Scotland; and also mentioned another 
river channel, filled with coarse gravel derived /rom rocks occurring 
farther north in Scotland which was covered with a later layer of lioulder 
clay. 

Mr. McQee mentioned the importance of land forms in interpreting 
geological processes. Any primary geological classification must be 
genetic. He discussed in detail the following scheme of classification of 
Pleistocene deposits: 

VUtMification of Pleistocene Formations and Land Forms, 

A. Aqueous: 

1. Below base level. 

n. Marine. 
h, Estuarine. 
e. Lacustral. 

2. At base level. 

a. Littoral. 

b. Marsh. 

c. Alluvial (certain ten aces, etc.). 

3. Above base level. 

a. Torrential. 

b. Talus (including playas). 

B. Glacial: 

1. Direct. (Chaml>erlin*s class I.) 

2. Indirect. (Chamberlin's classes II to V, in part.) 

C. Aqueo-Glacial: (Chamberlin's classes II to V, in part.) 

D. Eolic: (Chamberlin's class (?) VI.) 

E. Volcanic: 

1. Direct. 

n. Lava sheets. 
&. Cinder cones. 

c. Tuffs, lapilli sheets, etc. 

2. Indirect. 

a. Ash beds. 

b. Lapilli sheets. 

Prof. Chamberlin, in closing the discussion, said that there was great 
difficulty in applying a chronological classification, and that such a 
classification might even act as a barrier to observation and to the recog- 
nition of the truth. Chronological classification is the ultimate goal of 
glacial studies, but it is something for which we are not as yet prepared. 
Red, oxidized sub-soils are not developed in northern latitudes. Organic 
deposits between glacial layers are abundant in the West, but do not 
belong to a single horizon. Many facts of erosion and physical geology 
indicate that the glacial epoch in America was widely differentiated and 
of long duration. How many distinct periods it embraced we do not 
as yet know. 

Prof. Cope: An abundant tropical fauna is found in the "Equusbeds," 
which, if they be of interglacial age, indicates at this time a vexy warm 
climate. This fauna is succeeded by a truly boreal fauna. In this is 
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i^ontained material for a chronological sub-division of Pleistocene 
deposits. 

SESSION OF AUG. 28, 1891, 11 :40 a. m. 

Prof. J. Le Conte, Vice-President, in the chair. 

Announcements by the General Secretary, Mr. 8. F. Emmons, relative 
to the minutes of yesterday and to various excursions. 

Announcement by major Powell in regard to the essays on correlation 
to be published as bulletins of the U. S. Geological Survey. 

The President then announced as the subject for discussion, the Cor- 
relation of Geological Formations. 

Mr. Gilbert opened this discussion by presenting a general classifica- 
tion of methods of correlation. 

Strata are locally classified by superposition in chronologic sequences. 
Geologic correlation is the chronology of beds not in visible sequence. 
For convenience in discussion, methods of correlation are classed in ten 
groups, of which six are physical and four biotic. 

PHYSICAL METHODS OF CORRELATION. 

1. Through visible continuity. The outcrop of a bed is traced from 
point to point and the different parts are thus correlated one with 
another. 

2. Strata are correlated on account of lithologic similarity. This 
method, once widely prevalent, is used where the distances are small. 

8. Correlation by the similarity of lithologic sequence has great and im- 
portant use where the localities compared fall ir ithin the same geologic 
province, but it is not safely used in passing from province to province. 

4. Physical breaks or unconformities, have a limited use, especially 
in conjunction with other methods. The practice of employing them in 
the case of localities wide apart is viewed with suspicion. 

5. Deposits are also correlated with their simultaneous relations to 
some physical event; for example, a beach with the lake beds it encircles; 
a base level plane with a contiguous subaqueous deposit ; and alluvial, 
littoral, and subaqueous deposits standing in proper topographic relation. 
In the Pleistocene, glacial deposits are widely correlated with reference 
to a climatic episode assumed to arise from some general cause. 

6 Deposits are correlated through comparison of changes they have ex- 
perienced from Geologic processes supposed to be continuous. Newer 
and older drift deposits in different regions are correlated according to 
the relative extent of weathering and erosion; induration and metamor- 
phism afford presumptive evidence of age, but yield to evidence of other 
character. Metamorphism holds prominent place in the correlation of 
Pre-Cambrian rocks where most methods are inapplicable. 

These physical methods are qualified by the geographic distribution 
of Geologic processes of change and of geologic climates. 

BIOTIC METHODS OF CORRELATION. 

7. A newly-discovered fauna or flora is compared with a standard 
series of faunas and floras by means of the species it holds in common 
with them severally. 
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8. It is also compared by means of representative forms, or through 
genera and families. 

la and 8<f. These comparisons are strengthened if two or more faunas 
in sequence are found to be systematically related to the faunas of a 
standard series. 

9. Two faunas or floras otherwise related are compared in age through 
their relation to the present life of their localities. This method was ap- 
plied by Lyell to Tertiary rocks. 

10. Faunas are correlated by means of their relation to climatic 
episodes, taken in connection with station. For example, boreal shells 
found in latitudes below their present range are referred to glacial time. 

In general the limitations to accurate correlation by biotic methods 
arise from the facts of geographic distribution. Correlations at short 
range are better than those at long range. 

Biotic correlation by means of fossils of different kinds may have 
different value. In general, the value of a species for the purposes of 
correlation is inversely as its range in time, and directly as its range in 
space. The value of a biotic group depends (1), on the range of its 
species in time and space; (2), on the extent to which its representatives 
are preserved. 

Prof. K, von Zittel spoke in reference to the biotic methods and gave 
his opinion of the relative value of plants and animals for purposes of 
correlation. He regarded plants as relatively unimportant. Among 
animals those which are marine, lacustrine and land .animals may be 
distinguished. Of these classes marine invertebrates are most value- 
able for purposes of correlation. The vertebrates change rapidly but are 
frequently altogether wanting. For instance, no vertebrates occur in the 
Alpine beds corresponding in age to those which contain the mammalian 
fauna of the Paris basin. In certain lacustrine deposits invertebrates 
may be absent, and in such cases the vertebrate fauna is the surest guide* 

Baron de Geer emphasized the importance of a numerical comparison 
between different species. The actual counting of individuals in a given 
formation is of great value. 

Prof. Marsh expressed his agreement in general with the conclusions 
communicated by Prof, von Zittel, but would give special weight to 
vertebrate fossils. In the Mesozoic and Tertiar}' beds of the Rocky 
Mountains he had found that the vertebrates offer the surest guide for 
correlation. This is in part because invertebrates are either wanting or 
are lacustrine. Prof. Marsh in 1877 named a sequence of horizons 
after the most characteristic vertebrate genus in each which is confined 
exclusively to it. He presented an outline of such classification brought 
down to date with a section to illustrate vertebrate life in America. 

AFTERNOON SESSION. 

Mr. C. D. Walcott spoke of the value of plants for purposes of geo- 
logic correlation. 

Prof. T. McK. Hughes spoke of the present and growing tendency 
toward a natural classification. The evidence is complex and includes a 



For correlation with contiguouH province!*. 



Editorial Comment, 251 

considerable variety of diverse relations. He pointed out exceptions to 
the normal conclusions deduced from superposition, lithological char- 
acter, and similarity of sequence. We must have a system of criteria so 
varied that if one or more fails others can be employed. All classes of 
evidence are useful, both positive, negative, and circumstantial. 

Major J. W. Powell spoke of the necessity of specialization on the 
part of geologists engaged in the work of correlation. The evidence 
derived from physical and biotic facts might apparently disagree. But 
thatasatisfactoxy result may be reached, these two classes of evidence must 
be brought into harmony. He cited an example from his own experi- 
ence of how an identification of synchronous formations might be made 
over a wide area through a union of physical and biotic methods. 

Mr. W. J. McQee remarked that in the costal plain of the United 
States physical correlation alone is employed. The bases accord with 
those outlined bv Mr. Gilbert with certain minor modifications and an 
important addition, as follows: 

\ Visible Continnity; 
For local dirtcrimination and correlation - Lithologic nimilarity; 

( Similarity of neqiience. 

For correlation throughout the province-) ^^y'*^*y*JJjS^;aX^ *' *°'^^''^' "*' geography 

Relation to physical eventn, 
including continental movements, 
transportation of materials, 
land sculpture, etc. 

For general correlation, - - - Homogeny or identity of origin. 

By correlation upon these bases the physical histoxy of a coosiderable 
fraction of the continent may be so definitely ascertained as to permit 
fairly accurate mapping of the geography, and even the topographv of 
each episode in continent growth. After these episodes are clearly de- 
fined, and the fossils found in the formations are studied, it will be pos- 
sible definitely to ascertain the geographic distribution of organisms 
during each episode, then paleontology may be placed on a new and 
higher plane. 

Prof. W. M. Davis showed that it was possible to decipher geological 
history not only through the records of deposition, but also by processes 
of degradation. As an example of this method he explained a topo- 
graphical section from the city of New York westward. In this we 
have evidence of the existence of an ancient ^^penepltiin,"^ or base-level 
lowland of Cretaceous age. This surface was subsequently elevated 
(more toward the west than toward the east) at the end of Cretaceous, or 
at the beginning of Tertiary time. It has since been dissected by the 
excavation of more recent valleys. The Hudson valley lowland was 
cited as an example of this recent dissection. 

Prof. E. W. Claypole considered that the different methods of geologic 
correlation differed very greatly in their value. It is improbable that the 
plant or mammalian record will ever equal in its perfection that of the 
marine Invertebrate fauna. The marine fauna is to the geologist what a 
primary triangulation Is to the geodoslst. It marks out the main divi- 
sions, which are subsequently further subdivided through the aid of 
other fossils, such as plants and vertebrates. 
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Prof. C. R. Vail Hise spoke of the methods of correlation employed for 
pre-Cambrian rocks, which occur in widely separated areas and are 
devoid of fossils. Physical data only are available for correlating these 
formations. Experience has shown that among all physical methods, 
unconformity is by far the most important. Other physical criteria, such 
as the degree of induration, motamorphism, and relation to eruptives, 
are valuable for the subdivision of single areas, but cannot be safely 
used in identifying synchronous formations in widely-separated areas. 
The idea that lithological character is any direct proof of geological age 
has retarded the scientific subdivision of pre-Cambrian rocks. The re- 
searches of Pumpelly and others in the eastern United States have 
demonstrated that Silurian, Devonion, and even Carboniferous deposits 
might become, under certain physical conditions, as highly crystalline as 
much more ancient rocks of the West. For this reason it has been found 
necessary to abandon such tennas Ifurontan And Ketre^nawcm, Evidences 
of life are not lacking in pre-Cambrian rocks, and it is to be hoped that the 
paleontologist will succeed in differentiating several separate formations 
below the Cambrian, as the Cambrian itself was differentiated from the 
base of the Silurian. 

SESSION OF AUG. 29, 1891, 10 A. M. 

Prof. Albert Gaudry, Vice President, in the chair. 

Mr. S. F. Emmons, General Secretary, made announcements. 

M. Alexis Delaire presented two communications in behalf of prince 
Roland Bonaparte relating to the phenomena of the Aletsch glacier and 
upon an excursion to Corsica. 

Prof. Chas. Barrois presented a communication on behalf of Prof. 
Michel L(?vy upon the geologic history of the Auvergne volcanoes, con- 
taining a classification of eruptive rocks as represented by symbols. 

Prof. E. W. Hilgard laid stress upon the importance of the abundance 
or scarcity of species in the correlation of strata. He thinks some 
quantitative estimation of the species should be made. He is of the 
opinion, also, that as compared with marine fauna, plants have but little 
value, for purposes of correlation owing to their local distribution, their 
accidental proximity to water, transportation, and preservation. Plants 
can be so used only after large areas are worked over. 

Prof. Zittel was called to the chair, and Prof. Lester F. Ward then con- 
tinued the discussion. He developed two of the more general princi- 
ples of correlation by means of fossil plants, as follows : 

I. That the great types of vegetation are characteristic of the great 
epochs in geology. 

This principle is applicable in comparing deposits of widely different 
age when the stratigraphy is indecisive. For example, even a small 
fragment of a Carboniferous plant proves conclusively that the rocks in 
which it occurs are paleozoic, or a single dicotyledonous leaf proves 
that thev must be as late as the Cretaceous. 

II. That for deposits not thus widely different in age, as for example, 
within the same geologic system or series, ample material is necessary 
to fix their position ])y means of fossil plants. 
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Neglecting this principle has led to the greater part of the mistakes 
•of paleobotanists, and has done most to bring paleobotany into disre- 
pute. Geologists have expected too much of them, and they, in turn, 
have done violence to the truth in attempting to satisfy extravagant de- 
mands. On the other hand, where the material is ample, fossil plants 
have often corrected the mistakes of stratigraphical geologists, and 
solved problems concerning geologic age, which seemed impossible of 
settlement by any other class of evidence. 

Mr. Chas. I). Walcott spoke upon the correlation of the Cambrian 
rocks of North America. The principles used now are the same as 
those used by the New York survey prior to 1847 except that those 
principles have been somewhat modified by the theory of evolution. 
Both physical and biotic data are available in the correlation of the 
Cambrian rocks on the Atlantic coast, of the Rocky Mountain areas, and 
of the interior continental plain. Throughout the Appalachian prov- 
inces the physical data suffice to correlate the liower Cambrian from 
Vermont to Alabama, but such data are not sufficient to correlate it with 
that North of the St. Lawrence valley. The correlation of the deposits 
of the Appalachian and the Rocky Mountains troughs were by biotic 
data alone, and of the great extent of the Upper Cambrian over the 
continent the biotic data correlated the Rocky Mountain Upper Cam- 
4)rian with that of the interior and the A])palachian area. 

The correlations made indicate that in Lower and Middle Cambrian 
time a great continental area existed over the interior, and all the Cam- 
brian sediments were accumulated in troughs west of the Appalachian 
and Rocky Mountains. In Ui)per Cambrian time the interior of the 
continent sank beneath the ocean, and the sandstones of the upper Cam- 
brian were deposited, and the result of these correlations add a chapter 
to the history of the evolution of the North American continent. 

Prof. James Hall spoke of the difficulties encountered in the earliest 
attempts at correlation of the rocks even in the fetate of New York. 
He urged the importance of taking into consideration both physical and 
faunal characters of the rocks. In some cases, however, the physical 
characters of the rocks change greatly in passing fronj one region to 
another — sandstones grading into limestones, and limestones into shales 
— and these beds may also vary greatly in thickness. Fossils are of 
unequal value in such correlations: Lamellibranchs are near shore forms 
and fail in deep water; they are not, therefore, so valuable as Brachio- 
pods, which have a wider distribution, for purposes of correlation. 

Prof. Henry 8. Williams laid stress upon the relations of species to 
the conditions of deposition. The abundance of a species varies with 
environment, and a study of correlation should embrace a study of 
these conditions. Sandstones deposited near shore may have a fauna 
different from that of a limestone deposited off shore at the same time, 
and a change of fauna may be induced by a change of the conditions of 
deposition. The age of beds should be determined by comparing 
species of the same genera rather than by comparing those of different 
genera. There are centres of abundance which exhibit great variability 
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in their characters; outside of these centres the species exhibit varietlet- 
which may be called extra-limital, and which are not typical Hunigh 
they have often been published as types. 

Dr. F. Freeh said that in com^ttdng tlie middle paleozoic fauna of 
Eunope wilh tkat of Nofth America, there were two principal points of 
especial interest: 

A. The identity of some comparatively small horizons. 

B. The far greater differences that exist in these same beds. 
The similar faunas are — 

1. That of the Niagara and of the Wenlock shales. 

2. In the Upper Devonian the Rhynchonella of the Tully limestones 
and the Goniatites of the so-called Naples beds. 

3. The Goniatites at the base of the Carboniferous in Iowa, in Spain,, 
and in middle Germany. 

The Hamilton fossils are of especial interest because we have on the 
Rhine, in the so-called Lennenschiefer, a fauna of the same facies. 
But while these rocks were deposited under similar physical conditions, 
the number of identical species in the two countries is vexy small, and 
there are many &;enera in each country not found in the other. All the 
Lower Devonian is wanting in European Russia and part of it is want- 
ing in middle Germany, but the great physical change which followed 
is sufficient explanation for the differences which characterize the junc- 
tion of the Devonian and Silurian. 

Prof. Barrois thinks it impossible to compare in detail American and 
European rocks. Some individual zones of the American series can be 
correlated with European horizons, but it is quite impossible to estab- 
lish in detail the identity of other and adjacent zones. 

Prof. C. R. Van Hise spoke of the distribution, character, and succes- 
sion of the pre-Canibrian sedimentary rocks of North America. All 
rocks are regarded as pre- Cambrian which are earlier than the Olenellus 
fauna. These rocks contain the evidence of abundant life as shown by 
thick beds of carbonaceous shales, by various distinct fossils, and in 
many other ways. When a less highly developed fauna is found, as 
different from the Cambrian fauna as the Cambrian is from the Silurian, 
it is best to give this fauna a new name. 

There are in many areas in North America great thicknesses of little 
altered pre-Cambrian sedimentary rocks. In many regions these rocks 
have been separated into series by wide-spread unconformities, and 
these series have been farther divided into formations. Some of the 
more important pre-Cambrian regions are Lake Superior and Lake 
Huron, Central Arizona, New^ Brunswick, Newfoundland, Southwestern 
Montana. As an illustrative example of the successions may be cited 
the firs*. In this area the descending order is Lake Superior sandstone 
( Potsdam ), unconformity, Keweenawan, unconformity, upper Huronian^ 
unconformity, Lower Huronian, unconformity, basement crj'stalline com- 
plex. Each of these series is divided into several formations. 

In individual regions it is possible to correllate series and formations 
upon a physical basis. In different regions the series have variable 
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lithological characters and unlike snccciilons. Because of the absence 
of a well-known pre-Cambrian fauna it is iminftctkiable at present to 
make correlations in far-distant regions. Hence the term Algonkian 
has been proposed by the United States Geological Survey to cover the 
whole of the pre-Cambrian elastics. No working geologist in America 
now holds the indivisibility of the pre-Cambrian in all regions. 

If the foregoing conclusions are correct, the invariable succession ad- 
vocated by Hunt, evolved almost wholly within the laboratory, is value- 
less. It is shown to be untrue at one or more fundamental points by the 
observed order of the rocks in every region in which there are tolerably 
full successions. 

Prof. R. Pumpelly confirmed the observations of Prof. Van Hise in so 
far as he had been over the ground mentioned. He referred especially 
to observations made in the Green mountains, where in one locality 
metamorphism has completely masked the original character of the 
rocks, and thus rendered impossible correlation by lithologic charactters,^ 
As an example he cited a formation which is a quartzite, at one point, 
a white gneiss containing new feldspars at another, a conglomerate with- 
out any schistose structure at another, and a mica schist at a fourth 
locality. 

Prof. Chas. Barrois, referring to the remarks of Prof. Van Hise, said 
that there was no general basis, either biologic or lithologic, for the 
correlation of the pre-Cambrian rocks of Europe with those of North 
America; even the terms applied to these rocks were liable to be mis- 
understood. Certainly the divisions used in France cannot be correlated 
with those now used in the United States. General correlation cannot, as- 
yet, be based upon non-conformities; autopsy is the only basis upon which 
a comparison can be instituted. He pointed out certain parallelisms 
between the histories of the crystalline schists of America as illus- 
trated by Mr. Pumpelly and the gneissic rocks of Brest, where the Cam- 
brian slates are altered to gneisses of Archaean aspect, while the alternat- 
ing fossiliferous quartzites are changed to crystalline quartz. Geologists 
must see the beds together in order to reach a common understanding of 
the crystalline rocks. 

Dr. Chas. A. White was called upon, but in view of the divergence of 
the discussion from the topic as originally taken up, excused himself 
from speaking upon the subject. 

Prof. E. D. Cope discussed the question from a general point of view 
with especial reference to the value of vertebrates for purposes of corre- 
lation, particularly for inter- continental correlation. He pointed out that 
there is a marked difference in the present vertebrate faunas of conti- 
nents, and that the variation of such forms must be sought in vertical 
rather than in horizontal ranges. Such study shows that we have had 
invasions of a given region by a fauna from without; for example, a 
South American fauna invaded North America at one time and then 
retreated, while a North American fauna once invaded South America 
and traces of it still remain in that conntry. He is inclined to believe 
that certain vertebrate forms did not spread over the earth from a single 
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place of origin, but that they originated at different places upon the 
earth. We have parallelism in separate places, but the parallelism is 
defective in the Laramie. 

Mr. G. K. Gilbert was of the opinion that many methods of correlation 
must be used. He doubted the trustworthiness of the correlation of non- 
fossil if erous roclcs by comparative change, even locally. He thought the 
abundance and scarcity of fossil forms comparable with lithologic differ- 
ences, and considered the simple occurrence of a species as valuable for 
purposes of correlation as its abundance. 

Prof. Van Hise explained that the distinction between the Algonkian 
and the Archaean has not been widely made in Europe, because there, as 
in the Appalachian region, later and powerful dynamic movements have 
repeatedly occurred. 

Prof. E. D. Cope added that life in its progress on the earth differed from 
minerals and rocks in that it has its own laws, which give it an indepen- 
dent element. 

Announcements were made by Secretary Emmonp, and the meeting 
adjourned at 1 o'clock until 11 o*clock a. m. Monday, August Slst. 

SESSION OF AUG. 31, 1891, 11:25 A. M. 

Prof. James Hall, Vice-President, in the chair. 

Announcements were made by Mr. S. F. Emmons, General Secretary. 

Subject for discussion: Map-coloring and Cartography. 

Major J. W. Powell exhibited charts illustrating the color system used 
by the U. 8. Geological Survey, explained the methods of using the colors, 
and gave the reasons for them. The colors assigned to rocks of different 
ages are as follows: 

Period. Period color. Jlark. 

1. Neocene Orange N. 

2. Eocene Yellow E. 

8. Cretaceous Yellow-green K. 

4. Jura Trias Blue-green 

5. Carboniferous Blue C. 

C. Devonian Violet P. 

7. Silurian Purple S. 

8. Cambrian Pink 

6. Algoukfan Red A. 

The colors are used to designate geologic periods, patterns of these 
colors designate formations ; minor divisions are usually relegated to the 
text. The number of patterns for designating formations can be 
indefinitely enlarged, but follow a definite system. 

Mr. Josepli Wilcox showed that in the scheme described by major 
Powell the colors were not evenly distributed through the chromatic 
scale. 

Prof. C. K. Van Hise pointed out that Archivan rocks are shown by a 
brown uuderprint, and that mt-tamorphic rocks of known age are given 
the color of the correspondinir unaltered rocks. 

Major Powell explained that it was not attempted to select colors 
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equally distributed througli the cliromatic scale, but to use those that 
may he most readily recognized. 

Mr. H. M. Cadell asked why black and gray were not used. 

Major Powell replied that blue was used in place of the dark shades 
for the Carboniferous ; that dark colors are misleading in regard to the 
occurrence of coal, which occurs in the Cretaceous and Tertiary as well 
as in the Carboniferous. 

Mr. Christie found the black color very inconvenient because it often 
made the details of the map covered by such colors illegible. 

Mr. H. M. Cadell said that the maps of the Geological Survey of Great 
Britain were colored by hand, and that the system used by the U. S. 
Geological Survey could not for this reason be economically employed. 

Major Powell explained that the U. S. Survey system is very econom- 
ical when the color patterns are transferred to stones. 

Prof. T. McK. Hughes thought it very difficult to devise a scheme that 
will meet the demands of everyone. Some reference must be had to the 
permanence of the colors, the readiness with which they can be applied, 
and the distinctness with whicli they show what is desired. He thinks 
the fittest scheme must survive. 

Mr. S. F. Emmons made announcements. 

On motion of major Powell, the program for the afternoon was 
changed so that the geology of the country to be traversed by the long 
excursion might be briefly described by those the most familiar with it» 

Adjourned tiU 2:30 P. M. 

On re-assembling at 2:30 P. M., Prof. Le Conte in the chair, brief 
lectures were given by Prof. Chamberlin, Mr. Gilbert, major Powell, and 
Mr. Emmons upon the geology of the country to be traversed by the long 
excursion. 

Adjourned at 4:40 P. M. 

* 

As may be seen from the foregoing, the Congress was occupied 
with the problems proposed for discussion by the Committee of 
Organization, as was announced in the Geologist (Vol. viii, p. 
62 ), but there ivas an apparent lack of orderly preparation and 
of consistent succession in the proceedings from day to day. 
For instance, the topic which was expected, according to the pro- 
gram announced by the Committee of Organization, to come last, 
was called up the/V«^ thuig the first day^ and parties who might 
have wished to participate in the discussion were thereby pre- 
vented, or were obliged to offer their facts undigested and per- 
haps unarranged, or without the graphic illustrations which they 
otherwise would have employed. Tt was quite evident, also, that 
some of the gentlemen who led in the discussion of the daily 
topics were compelled to do so on too short notice. It might be 
well for future Committees of Organization to assume more 
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thorough direction of the doings of the Congress, as least so far 
as to see that parties are at hand with well prepared papers to 
bring the topics of discussion fully before the Congress. It is 
manifest that each new <• Bureau " elected after the session opens, 
is in no degeee prepared to provide for this necessary guidance of 
the deli]>erations of the Congress. It is a precaution which ought to 
be taken several months, or perhaps several years, before the Con- 
* gress convenes. The practice of national ' * nomenclature re- 
ports," which in this case might have been correlation reports, 
from the countries participating in the Congress, but which was 
apparently not attempted and not encouraged by the American 
organizing committee, would certainly subserve this purpose per- 
fecth'. This would be more likely to be satisfactory, being more 
'Ulemocratic,'' than that plan which was entered upon by the 
English organizing committee in re the crj'stalline schists. That 
committee solicited contributions from individuals on that specific 
topic. While this resulted in the production of a number of 
learned and very valuable contributions which grace the volume 
lately issued by the English committee, it cannot be considered as 
the best way to promote harmony and to extend and perpetuate 
:an interest in the Congress. If the Congress be in fact an *• in- 
ternational " one, the various nationalities should have svstem- 
atized participation in its doings, and the organizing committee 
should be empowered and directed to take steps to facilitate such 
general participation. The late Congress passed off with the sim- 
ple presentation, largely or entirely, of some American views on 
American geology, followed by such desultory comment or dis- 
cussion as happened to spring up. If such a practice be perpet- 
uated in future sessions, the Congress will finally degenerate to 
an elementary school of geology, wherein the visiting geologists 
will learn the outlines and general principles of the geology of 
the countries where the separate sessions ma}' be held, and it will 
be a question of a short time, a verj' short time, whether the use- 
fulness and the puqx)ses of the Congress, as set forth by the 
founders, be not so far lost sigrht of or so remotelv subserved 
that the sessions had better be discontinued. 

The next session will be -at Berne, Switzerland, and we wish to 
appeal to the intelligent geologists of that little republic, to early 
take measures to make the next session a trulv '-international '* 
And representative one. 
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The Conmncht series of the Texas- Arhinsas region. By Robert T. Hill. 
Bulletin, Geological Society of America, vol. il, pp. 503-528; May 5, 1891. 
The main area of the Comanche series Is stated to extend from western 
Arkansas through southern Indian Territory to the meridian of 97 "^80, 
-thence southward and south westward across Texas to New Mexico, a 
distance of more than 1,000 miles, and then southward Indefinitely into 
Mexico. The series, as studied by Mr. Hill in central Texas and north- 
ward, is made up of eleven terranes, classed under three divisions In 
ascending order, as follows: A. The Trinity division, comprising 1. 
Trinity or basal sands, which Dr. C. A. White provisionally regards as 
^e base of the North American lower Cretaceous; and 2. The Glen 
Rose or alternating beds, consisting of abundantly fosslliferous magne- 
>sian limestones, fine sand, chalk, and almost pure crystalline limestone. 
B. The Fredericksburg or Comanche Peak division, comprising 8. The 
Paluxy sands, about 100 feet thick, containing no fossils excepting 
slllclfied wood; 4. The Oryphim rock and Walnut clays, the former 
being a stratum 10 to 50 feet thick, composed entirely of the shells of a 
small Gryphcea, and the latter being associated clay marls which enclose 
myriads of Exogyra texana Roemer; 5. The Comanche Peak chalk, 
about 100 feet thick, rich In many species of fossils; 6. The Caprina 
limestone of Shumard, an Indurated chalk, 30 to 40 feet thick, preserved 
as the capstone of many buttes, mesas, and plateaus; and 7. The Good- 
land limestone, apparently an equivalent of the last two. C. The 
Washita or Indian Territory division, comprising 8. The Klamltla clays 
or ScfUoenharhia beds, so named from their characteristic Ammonites; 9. 
The Duck Creek chalk, about 100 feet In thickness, composed of crumbl- 
ing chalky limestone and marls, with a unique fauna; 10. The Fort 
Worth limestone, which with the last was described by Marcou at Fort 
Washita as typical Neocoml an; and 11. The Denison beds, made up of 
sandy clays and occasional limestones, Exogyra arietimi being the 
characteristic fossil of the clays. At Denison and throughout northern 
Texas, these beds are unconformably overlain by the Dakota sandstone, 
the base of the upper Cretaceous series which Is so widely developed on 
Ihe plains farther north. 

Carboniferous fossils from Newfoundland. By Sir J. William Dawson. 
Bulletin, G. S. A., vol. il, pp. 529-540, with two plates; May 27, 1891. 
The plants described or catalogued with annotation in this paper are 
from St. George's bay, in western Newfoundland, the most noteworthy 
species being I^idodendron murrayantim, nearly like Jj. cliftontnse of 
Nova Scotia. The strata are similar to those of the coal formation of 
Cape Breton, and have a total thickness of probably 11 000 feet. Accord- 
ing to Mr. James P. Howley, now director of the Geological Survey of 
Newfoundland, they contain six beds of coal, ranging from fourteen 
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inches to eight feet in thickness, three of them having over four feet of 
good coal, apparently a free-burning bituminous variety, resembling that 
of the Cape Breton mines. 

^'1 pntponed nynem of chronohnjir e^irtography on a phyniog rapine, basin. 
By President T. C. Chamberlin. With Th4> fjeologic4il dates of origin of 
certain topographic fonnn on tJw Atlantic nUtpe of the United State**. By 
William Morris Davis. Bulletin, G. S. A., vol. ii, pp. 541-544, and 545- 
586, with six figures in the text; July 2, 1891. Increasing attention has 
been given during recent years to topographic forms as time indices and 
means of geologic correlation. President Chamberlin therefore pro- 
poses a cartographic system, in which plains shall be represented by 
lines, and slopes by dotted surfaces, both to be put on in colors varying 
according to the geologic date of these topographic forms. The direc- 
tion of the agency by which they were produced may also be shown. 
Thus, a fluvial plain will be indicated by arrows (without feathers) 
pointing in the direction of the current, while a lacustral plain will be 
mapped by parallel lines headed with arrows-points on the margin shore 
erosion by waves having been the most charact^^ristic agency in its pro- 
duction. In the case of subaerial plains or peneplains, parallel lines 
will be used without arrow-heads. To distinguish between a plain and 
a peneplain, which may be (|uite rolling and yet clearly determinable, 
continuous lines may be used for the former and broken lines for the 
latter. 

Professor Davis recognizes a Cretaceous peneplain in southern New 
England, New York, New Jersey, and southward, into which the rivers 
of the Atlantic slope have cut broad and deep valleys during the 
Tertiary era. The Hudson river, for example, is shown to have excavated 
the whole gap between the Catskill and Berkshire plateaus since the 
* early Tertiary uplifting of this peneplain. The level crests of the 
Appalachain ranges are remnants of the Cretaceous base-level, into which 
streams have channeled the great intervening valleys during Tertiar}' 
and Quaternary time ; but the White mountains of New Hampshire and 
the Black mountains of North Carolina have existed, constantly under- 
going denudation, from much earlier dates. 

Variation^ in the CretacA'ous ami Tertiary strata of Alahaaut. By 
Daniel W. Langdon, Jr. Bulletin, G. S. A , vol. ii, pp, 587-606, with 
one plate ; July 8, 1891. This paper presents detailed descriptions and 
sections observed during the boat journeys down the Tombigbee, Tusca- 
loosa, and Alabama rivers, with which the sections exposed farther east 
by the Conecuh, Pea, and Chattahoochee rivers are compared. Special 
attention is directed to variations in the strata on account of different 
conditions of sedimentation,to faunal changes,and to unconformities due 
to the total absence eastward of formations that are well defined in the 
western part of the state. On the Tombigbee the Cretaceous beds measure 
about 2,560 feet in thickness, and the Eocene about 1,655 feet ; while on 
the Chattahoochee these are reduced respectively to about 1,440 and 
1,145 feet. 
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Bulletin of the Geological Society of Americtt, Proceedings of the third 
annnal me^ing^ held at Washington December 29, 30 and 31, 1890. J. J. 
Stevenson, Secretary, pp. 607-662 ; August 7, 1891. Besides a record 
of the order of presentation of the various papers which have been 
separately printed by the Society and already reviewed in this and 
preceding numbers of the Geologist, six short papers are here printed 
in abstract or fully, as follows: On the occurrence of Megalonyx jeffersoni in 
central Ohio, by Edward Orton ; On the family Orthidee of the Brachlo- 
poda, by James Hall ; On a jointed earth auger for geological explor- 
ation in soft deposits, by N. H. Darton ; On the occarrenceof diamonds 
in Wisconsin, and on the occurrence of fire opal in a basalt in 
Washington state, by George Frederick Kunz ; and A fallen forest and 
peat layer underlying aqueous deposits in Delaware, by Hllborne T. 
Cresson. The first annual report of the committee on photographs 
gives'the titles, with descriptive notes, of 293 photographs received 
by the Society in 1890, of which 21 were donated by Prof. J. F. 
Kemp of Ithaca, N. Y.; 269 by the U. S. Geol. Survey, through the 
director, major J. W. Powell ; and 3 by Prof. W. B. Dwight of Pough- 
keepsie, N. Y. 

Arkansas Geologicul Survey, J. C. Branneb, state geologist; Annual 
report for 1890, Vol. 1, Manganese, its tises, ores and deposits, R. A. F. 
Penrose. Octavo, 642 pp., geological map. Little Rock, 1891. 

This volume is a valuable one for the manganese industry in Arkansas, 
and secondarily for all who make use of manganese. It gives an account 
of the early and modern uses of manganese, and brings out vividly the 
remarkable recent increase of its mining and manufacture (in spiegelei- 
sen and ferro-manganese) in the United States. In 1875 the net tons 
produced were 7,832, in 1885 34,671, and in 1890 149,959 tons. The 
methods of use of manganese in the arts, including its alloy with iron 
in the Bessemer and Hadfield processes of steel-making are fully de- 
scribed. Small amounts of manganese ore were mined in the United 
States (Tennessee) as early as 1837, but at the present time Virginia, 
Georgia and Arkansas produce over nine-tenths of the total output of 
North America. *The United States is the next largest producer of 
manganese ore in the world, being second only to the Caucasus region 
of Russia." '^England is the largest consumer of manganese in the 
world, using not only its own production, but also 74,906 tons from out- 
side sources. The United States is not only the second producer but 
the second largest consumer, using its own production as well as that of 
Cuba, and most of that of Canada.'' 

All the various ores and minerals of manganese, together with their 
places and manner of occurrence, are described, embracing also chemi- 
cal analyses. 

In Arkansas there are two manganese regions, one in the northeastern 
part of the state, known as the Batesville region, of which a detailed 
geological map is given, and the other in the southwestern part extend- 
ing from Pulaski county through Polk county to the Indian Territory 
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border. In the former occur nearly all the large and workable deposits. 
The ores of the Batesville region occur in a residual clay, derived 
from the decay of a limestone which, according to Prof. H. S. Williams, 
occupies a position intermediate between the Trenton and the Niagara 
limestones. The ores of the southwestern part of the state are in 
novaculite probably of Lower Silurian age, perhaps Trenton. The ores 
in both regions are in the forms of the various oxides of the metaL 
These ores were mentioned by Owen and Cox, and Featherstonhough 
mentioned manganese in the southeastern part of the state, but it is 
only within a few years that there have been systematic working and 
descriptions of the deposits. 

Between the ore-bearing St. Clair limestone, which is of about the age 
of the Trenton, and the Boone chert which is a part of the lower Car- 
boniferous, is a curious clayey deposit which is partly the result of sur- 
face decay of the lower limestone, and partly apparently of the nature of 
eruptive ash. This has been but partially investigated, but it seems to 
be widespread, and points to a long land exposure in this region between 
the close of the Lower Silurian and the age of the Carboniferous Boone 
chert. This had already been suggested by Dr. Branner from examina- 
tions in the field. Like the Cincinnati anticlinal, therefore, this part of 
the country experienced an elevation, but not like that, this remained 
dry land through the upper Silurian and the Devonian, and was subse- 
quently again sunk beneath the ocean. 

In the careful description of the manner of occurence of the ore in 
the Batesville region is ample proof of the thoroughness and ability with 
which the investigation has been carried on. It is a comparatively new 
field, and it has been most satisfactorily worked. The ore occurs in a 
clay which is the residuum of the St. Clair limestone. The ore was first 
in the limestone. The decay of the rock, and the removal of the soluble 
part has concentrated the insoluble, this embracing the ores — which, 
however, have to some extent been converted from carbonates. This 
process of decay began after the last elevation of the region above the 
ocean and is still going on. This residual clay has nothing to do with 
the layer of residuum which naturally intervenes between the St. Clair 
limestone and the Boone chert already mentioned, as to its age and 
stratigraphic relations, however closely they may be related genetic- 
ally. 

The report embraces a review of the manganese mines of the United 
States, with a view to comparison with those of Arkansas, for the pur- 
pose, evidently, of arriving at some conclusion as to the origin of the ore 
in the rock from which it is now plainly derived by natural concentra- 
tion in situ through slow decay. In the course of this review, Dr. 
Penrose describes, with more fullness and correctness than has ever been 
done before, the manner of the occurrence of the iron and manganese 
ores of Vermont, and their stratigraphic relations. In this he adopts 
the late conclusions of United States geological survey (by J. E. Wolff), 
that the associated rocks are of the age of the Lower Cambrian, or 
Taconic of the region, as has been claimed from the time of Emmons 
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till now, except by those who reject the Taconlc system. He finally 
reaches the conclusion that the ores (in particular the ore of manganese, 
although the conclusion involves that of iron because of their intimate 
association) were the result primarily of chemical precipitation in the 
ocean at the time of the formation of the rocks themselves, and that the 
oceanic waters obtained the manganese principally from the disintegra- 
tion of the older crystalline rocks of the region. 

The report is faultless in method and execution, and the value of its 
scientific conclusions, and of its accurate and conscientious descriptions 
of Arkansas localities cannot fail to be highly appreciated by the citizens 
of that state. It is, moreover, a real contribution to the geology of the 
country, and adds one more to the series of valuable results of the 
Arkansas survey. 



RECENT PUBLICATIONS. 



I. suite and Government Reports, 

Geol. Bur. of Missouri, Bulletin No. 5, contains: The age and origin of 
the crystalline rocks of Missouri, Erasmus Haworth; Notes on the clan's 
and building stones of certain western-central counties tributary to Kan- 
sas City, G. £. Ladd. 

Advance sheets from the 17th report of the Geological Survey of the 
State of Indiana; Pateontology, S. A. Miller, 113 pp., 22 plates. 

Geol. Survey of Georgia, First report of Progress, 1890-91. J. W. 
Spencer. 

Bulletin No. 80, U. S. Survey. Correlation papers, Devonian and Car- 
boniferous, Henry S. Williams. 

Second annual report of the Geological Survey of Texas, E. T. Dura- 
ble, contains, besides the report of the state geologist, the following 
papers: Reports on the iron ore district of East Texas; Carboniferous 
cepholopods, A. Hyatt; Report on the geology of northwestern Texas, 
W. F. Cummins; Report on the geology and mineral resources of the 
central mineral region of Texas, Theo. B. Comstock; Report on the 
geology and mineral resources of Trans-Pecos Texas, W. H. Von 

Streeruwltz. 

II. Proceedings of Scientific Societies, 

Trans. N. Y. Acad. Sciences. Feb-March, contains: The man of Spy, 
or newly discovered paleolithic skeletons from the vicinity of Li^ge. 
Belgium. J. S. Newberry; The tin deposits of North Carolina. John 
H. Furman. April to June: Amber, its history, occurrence and use, J. 
S. Newberry; Remarks on recent discoveries In local Cretaceous and 
Quaternary geology, N. L. Britton; The Pipe-creek meteorite, A. R. 
Ledoux. 

Jour. Cin. Soc. Nat. Hist, July, 1891, contains: On the age of the Pt. 
Pleasant, Ohio, beds, Jos. F. James. 
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Appalachia, July, 189], contains: A classification of mountain ranges 
according to ttieir structure, origin and age, Warren Upham. 

Recent discoveries bearing on the antiquity of man. G. F. Wright. 
(Bibliothica Sacra, Apr., 1891.) 

Description of a skull of Megalonyx leidyi, n. sp., Josua Lindahl. 
(Am Phil. Soc., Read Jan. 2, 1891.) 

III. Papers in Scientific Jovrmils, 

Kansas City Scientist, July, contains: Some new species of echino- 
dermata,R. R. Rowley and Sid. J. Hare. August: Some new species of 
crinoids and blastoids, R. R. Rowley and Sid. J. Hare. 

Ottawa Naturalist, July, contains: Extinct Canadian vertebrates from 
the Miocene rocks of the Northwestern territories of Canada, H. M. 
Ami. 

American Naturalist, July, contains: A review of the "Discovery of 

the Cretaceous Mammalia," H. F. Osbom; Notes on Mesozoic mammalia, 

O. C. Marsh; The coming man, S. V. Clevenger; On the relations of 

Carettochelys, liamsay G. Baur; on some new fishes from S. Dakota, E. 

D. Cope. 

IV. Exterpts and indicidual publications. 

On paramelaconite and the associated minerals, Geo. A. Koenig. 
(Proc Acad. Nat. Sci. Phil. April, 1891.) 

Geological Guide-book of the western excursion of the Fifth Interna- 
tional Congress of Geologists, S. F. Emmons, 8vo. pp. 156, Washington. 

On an important boring through 2,000 feet of Trias, in eastern Penn- 
sylvania, J. P. Lesley. (Am. Phil. Soc. May 28, 1891.) 

Manual of the paleontology of the Cincinnati group, Jos. F. James. 
(Jour. Cin. Soc. Nat. Hist. Apr., 189 J.) 

The development of a paleozoic poriferous coral, and Symmetrical 
cell development in the Favositidse, Charles E. Beecher. (Trans. Conn. 
Acad., Vol. VIII, 1891.) 

The universalty of man's appearance and primative man, Edward L. 
Anderson. 8vo. 28 pp. Edinburgh, 1891. Cincinnati, Robt Clarke & Co. 

On the Grapeville gas-wells, J. P. Lesley. (Am. Phil. Soc. Apr. 27, 
1891.) 

Notes on Central-American ArchsDology and Ethnology, J. Crawford. 
(Bos. Soc. Nat. Hist. Feb., 1891.) 

V. Foreign Publications, 

Proc. and Trans, Nova Scotia Institute of Science, Vol. VII, Part 4, 
contains: Glacial Geology of Cape Breton, Honeyman; Geological 
Gleanings in Nova Scotia and Cape Breton, Honeyman; The Geological 
Writings of Rev. D. Honeyman, Gilpin; The Devonian of Cape Breton, 
Gilpin; Surface Geology of the Pictou Coal Field, Poole; A Contribu- 
tion to the Theory of Earthquakes, Maury. 

Bui- Soc. Sci. Nat. d. Touest de la France, Tome I, No. 1, contains: 
Etude du metamorphisme aux environs de Nozay, Loire-inf^rieure, 
Davy; Arch^en et le Cambrien dans le Nord du Massif Breton et leurs 
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Equivalents dans le Pays de Galles, Bigot; Sur la presence dii Car- 
bonif^re en Bretagne, Lebesconte; Sur un gisement carbonif&re de r<?tage 
de VisE reconnu & Quenon, en Saint Aubln-de-Luigu6, Bezier. 

Tome I, No. 2, contains: Etude petrographique des eclogites de la 
Loire-inf^rieure, La Croix; 

Archiv d. Ver. d. Freunde d. Naturgeschichte in Mecklenburg, 1890, 
contains: XII. Beitrag zur Geologic Mecklenburgs, Geinitz; Ueber das 
angebliche Vorkommen Geschieben des Horandsteins in den nord- 
deutschen Diluvialablangerungen, Nathorst; Das meteor von Kriipelin, 
Geinitz; 

Fold. Koz. (Budapest). Vol. xxi. Nos. 4 and 5 contains: Awaruit, ein 
nickeleisen-mineral, Szabo; Beitrfige zur Foraminiferen- fauna der 
Alttertiaren Schichten von Kis-Gyor, Kocsis. 

Boletim da Commissao geographica e geologica do estado de S. Paulo, 
No. 7, contains: Notas sobre zeolitas do augitoporphyrito de S. Paulo e 
Santa-Catharina, Hussak. 

Cursu elementaru de Geologia, de Gregorlu Stefanescu, pp. 256, 8vo, 
Bucharest, 1890. 

A manual of the Geology of India, Part IV, Mineralogy ( mainly non- 
economic), F. R. Mallet. Calcutta, 1887, pp. 179. lioy Oct. 

Die landeskundliche Literatur Uber de GrossherzogtUmer, Bachmana, 
Gastrow, 1889, pp. 511. 

Report of the inspector of mines for North Wales and Isle of Wight, 
for 1890, C. Le Neve Foster. Loudon, 1891. 

List of mines worked in 1890 in the British Islands. By the inspectors 
of mines. 

Ueber den Sagvandit. H. Rosenbusch, (Neues Jahr, 1884.) 

Die UrvierfQssler ( Eotetrapoda) des S&chsischen Rothliegenden, 
Hermann Credner. (Natur. Wochens. Berlin), 1891. 

Zur Auffassung des Grundgeblrges, H. Rosenbusch. (Neues Jahrb. 
Bd II. 1889. Heidelberg.) 

Ueber Monchiqait, e!n camptonitisches Gangestein aus der Gefolg- 
schaft der El^olithsyenite. Hunter and Rosenbusch (Tschermak's Mitth. 
Min. und Pet. 1891.) 

Zur Auffassung der chemisches Natur des Grundgebirges, H. Rosen- 
busch. 1891. (Tschermak's Mittheil. Wien.) 

An outline of Mr. Mellard Readers Theory of the Origin of Mountain 
Ranges by sedimentary loading and cumulative recurrent expansion; 
in answer to recent criticisms. T. Mellard Reade. (Phil. Mag. June, 
1891). 



PERSONAL ANi:) SCIENTIFIC NEWS. 



The Geological Map op Europe. *'I received an invitation 
from Berlin signed by Be3Tich and Hauchecorne, to meet them at 
Saltzburg (Austria) as a member of the committee of the giologi- 
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cal map of Enrope^ of which I have heard nothing for three years. 
Besides the two Prussians Mojsisovics came from Austria, and 
Renevier from Switzerland, and nobody else of the committee. 
No one came from England, nor from France, nor Russia. Only 
Capellini joined me as an Italian friend. Nothing new worth noting 
was said or done, except that the announcement was made that 
very fikeli/ the first sheet of the map, scale 1. 500,000, will be 
issued before the year is over." Giordano, director of the geo- 
logical survey of Italy, Aug. 18. 

Washington University, St. Louis, has just chosen a science- 
bred president, W. S. Chaplin, late professor of Engineering at 
Harvard University. 

Preservation op the glacial grooves of Kelly's Island. 
Through the active interest and intercession of Prof. G. F. 
Wright, Mr. M. C. Younglove, president of the Kelly's Island 
Lime and Transport Company, has been empowered to deed to 
the Western Reserve Historical Society of Cleveland, a portion 
of the land on Kelly's island, < *fifty feet wide and one hundred 
feet long," on which is preserved a part of the remarkable ice- 
grooving, which was visited by an excursion of the American 
Association for the Advancement of Science at the Cleveland 
meeting in 1888. These groove? are certainly the most remark- 
able ever discovered in this country, and they are to be preserved 
as an object lesson to future generations. Quarrying has 
already proceeded nearly all around this specimen, and soon the 
monument preserved will be a monument indeed; the groove being 
left to cap a pedestal about thirty feet high, and conspicuous 
from every side. About one-half the surface will be cleared of 
debris, so as to show fifty feet of the length of the groove, while 
the other half will remain as it is, beneath its protective covering 
of pebbles, gravel, sand, and mud, which acted as the graving 
tools in the firm gnisp of the ice. 

Originally a large area of this glaciated surface was exposed to 
sight. But in the progress of work upon the extensive quarr}% 
the larger part of it has been removed. What is left, however, 
is ample for an object lesson. The portion of the groove pre- 
served is thirty-three feet across, and the depth of the cut in the 
rock is seventeen feet below the line extending from rim to rim. 
Originally there w^as probabl}' here a small depression formed by 
preglaeial water erosion into which the ice crowded the material 
which became its graving tool, and so the rasping and polishing 
went on in increasing degree, until this enormous furrow is the 
result. The groove, however, is b}' no means simple, but pre- 
sents a series of corrugations merging into each other by beauti- 
ful curves. When exposed for a considerable length it will re- 
semble nothing else so much as a collection of prostrate Corinthian 
columns, lying side by side on a concave surface. 
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THE ATTITUDE OF THE EASTERN AND CENTRAL 
PORTIONS OF THE UNITED STATES DURING 

THE GLACIAL PERIOD.* 

By T. C. Cuambekun, MadiMui, Wii*. 

Aside from the inherent interest which lies in the determination 
of any general fact in geology, a special interest attaches to the 
determination of the attitude of the glaciated area during the ice 
invasions because of its bearing upon th(»ir explanation. \ pro- 
p<^8e to discuss hypotheses of the cause of th(? glacial period in a 
separate paper; my present effort will be merely to set forth, 
somewhat synoptically, the leading phenomena, and the conclus- 
ions 1 draw, relative to the attitude of the eastern and central 
l>ortions of the Tnited States during that period. The special 
data appealed to have Ihhmi gathered chiefly by the membei*s of 
the glacial division of the United States (topological Survey, largely 
b}' Messrs. Salisbury, Leverett and myself. 

/. Gfacio-jfitn'aJ ileposits of thv hnofr Minsixxippi rafftt/. The 
material of the lower Mississippi valley derivtHl from glacial 
waters is divided into two sharply distinct classes; first and old- 
est, that which caps the bluffs of the Mississippi and mantles all 
the upland for 50 miles or more back on the east and which 
occupies the summit of (Crowley's ridge that rises from the midst 
of the Mississippi bottoms in Arkansas. The second division 

occupies the trench in which the present bottoms lie and rises but 

• 

♦Read before Section E, Am. Association for the Advancement of 
Science at the Washington meeting, August, 1H91. 
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little al)ovo these l)ottoms. if at all. and i« distinguishable from 
the modern fluvial deposits with difficulty. 

The deposits of the first or earlier class are wholly silts, so far as 
determine! by us. Our special investigations have been chiefly 
e<mfined to the 150 miles next lielowthe drift lK)rder, but thev have 
reached, in a less consecutive way, to Mississippi and liouisiaua. 
After careful and protracted search, renewed on successive sea- 
sons, we have entirely failed to find any coarse drift connected 
with glacio-fluvial formations tliat lie alK>ve the lK>ttom lands, al- 
though the area is great and the exposure by gullying phenomenal. 
The '-orange sands and gravels." which underlie the glacio-fluvial 
silts are non-glacial in character and seem to us to be demon- 
strably pre-glacial. At any rate, the absence of glacial pebbles, 
and even glacial sand and silt, tnmi them removes them fn>m any 
need of special consideration in this connection, even if they Ik? 
supposed to be contemporaneous with the earlier glacial stages, 
for the al)8ence of the glacial material may l»e taken as showing 
the incompetency of the upper Mississippi to bear such material 
southward at that time. 

Silts l)eing then the only demonstrable representatives of the 
glacial products lK>rne south during the ealier stages of glacia- 
tion. it is a necessar>' inference that the land from the border of 
the drift to tlie gulf was so flat and so low that only slow-moving, 
silt-lH»aring currents were formed. The present current of the 
Mississippi is c<imi)etent to carry coarse sand and small pebbles. 
The currents of the earlier glacial period were therefore less com- 
l>etent and the country was flatter than now. 

Concerning the glacio-fluvial deposits that lie beneath the pres- 
ent river l>ottoms. or lie so low as to be indistinguishal)le from 
the fluvial deposits of the present river, little of a positive nature 
can be assert(»d. So far as known from lM)rings and other evi- 
dences, thev are not notablv coarse. To the northward, in the 
glaciated region, they rise alM)ve the present river lM)ttonis and 
have l>een traced back to their origin, so that we know the ap- 
proximate attitude of the surface at the time that they were 
formed. Thev mav therefore be set aside here and discussed 
later. 

//. Phmninriin of tln' Drift Borihr. The naturi' of the drift 
lK)rder in the axis of the Mississippi basin, where it reaches 
fartherest south, is in itself significant of the attitude of the sur- 
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face lit the time of its formation, if I interpret tlie phenomena 
oorreetlv. The drift does not terminate in any well-defined 
morainic ridge, such as the ancient glaciers formed at several 
later stages. On the contrary, the termination is found in a 
gradual thinning out of the drift unattendeil hy marks of forci- 
ble action on the part of the ice. The inference is therefore 
<lrawn that the ice crept out slowly \\\Hn\ a low slope, the gentle- 
ness of which accounts for the lack of vigorous action or forcible 
heaping of material. 

This inference, which )>y itself might have but slight value, is 
supported by the fact that the sheets of till in this In^rder region 
to a large extent graduate upwanls into pebbleless clays and 
thence into loess-loams, or true loess, making it appear certain 
that slack drainage was a prevailing phenomenon. 

This is further suppoi"te<l by the absence, in general, of c^arst* wash 
from the edge of these outermost drift sheets. At some points 
near the edge. l)Ut more commonly at |K)int8 remote from it, there 
aiv l)eds of gravel, often taking a lenticular form, but these may 
l>e attributed to waters acting in channels in the ice or lieneath it, 
where by confinement and by the peculiar conditions of glacial 
drainage they were forced to a vigorous action which they lacke<l 
when once thev had issued from the Iwrder of the ice. 

As a summary statement, it may iKMisserted that the phenomena 
of the lK>nler drift in the Mississippi valley present everywhere 
evidences of slack or slow drainage, with only such exceptions as 
nuiy 1k» rationally referred to enforced vigor through the immediate 
agency of the ice; and that there is nowheiv evidence of powerful 
or specially rapi<l currents of water such as must inevitably have 
issued from the glacial border, in the axis of the great Mississippi 
basin, had the slope of the surface been at all considerable. It 
is therefore a firm and safe inference that at the time of the form- 
ation of the drift sheets that reach farthest south wanl there was 
no considerable sIojh* of the surface: not even so much as now 
exists. 

///. The Smooth (htttourK aiifi Sift ApnniH of thv Ohhr 
Morainvn. In the axis of the Mississippi basin on account of the 
])lanenei(s of the surface and the great extent to which the ice 
stretched forward, the successive glacial stages are better deployed 
than in most regions east or west where later invasions overrode 
the territory of (nirlier ones and obscui*ed the phenomena. The 
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region is therefore peculiarly fitted to the inquiry in hand. If 
we follow northward along the axis of the central ice-lobe i» 
Illinois, we encounter, within about one hundred miles of the drift 
lK)rdcr, a broad ridge of drift, identifiable as ^ marginal moraine ; 
and farther to the northward, similar ridges representing later 
stages of glaciation. The first eight of these bear common 
characteristics, all significant of the attitude of the surface at the 
times they were formed. They are all broad swells of gentle slope 
and smooth, though undulating, contours with the exception of a 
few local departures. They are not pushed into rough indented 
ridges, as is the fashion with terminal moraines forced up by 
vigorous glacial action. They appear rather to l)e the submar- 
ginal accumulations of a sheet of ice creeping gently down upon 
a plain of slight inclination. This interpretation, which in itself 
might be questioned, is supported by the significant fact that on 
the outer side of these moraines there are fringing belts of silt 
produced by the waters that crept over them while pressed on the 
inner side by the ice. These Iwrdering silt-sheets terminate in 
and on the moraines and reach out to varying distances upon the 
plain to the southward. 

It would appear, therefore, that we have in these phenomena 
evidences that cannot be gainsaid, that during the several suc- 
cessive stages that these moraines represent the attitude of the 
country was low, and that the drainage was more slack than at 
the present time. 

IV. TIh' Nufjf</f'd liiitifi'K ami G ravel Aprons of the Latvr 
Moroiues. The preceding phenomena represent the earlier and 
much the longer portion of the glacial period. But when, in 
coming northward along the Illinois river, we reach the moraine 
which crosses at Marseilles, and when, in ascending the Wabash 
river, we reach the moraine which crosses at Attica, we find a 
notable change in the phenomena. The moraine is not only more 
rough in cont^)ur and rugged in constitution but is accompanied by 
much more abundant evidences of wjush and assortment in the form 
of gravel hills and gravel tracts. (Jn the outside of the moniine, 
instead of aprons of silt indicating <iuiet overwash, there are 
aprons of gravel indicating more vigorous overwash. These fring- 
ing gravel tracts gather themselves somewhat promptly into the 
leadintj river vallevs and flow down these in the trenches now oc- 
cupied by these streams, which are cut into the older sheets of 
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drift. It is worthy of note that these trenches are cut through 
the older moraines and their overwash aprons of silt and are sunk 
down into them or below them. The later gravel-bearing floods 
ran at lower levels than the earlier silt-bearing waters; a clear 
demonstration of a change of attitude. It is clear from a study 
of these phenomena that at the time this moraine was formed the 
action of the ice was more forcible and the drainage more 
vigorous. The glacial waters ran away from the whole margin of 
the ice with measureable precipitancy, bearing coarse material. 
They gathered .into definite channels previously cut in the older 
drift and ran along these at a rate which enabled them to carry 
gravel and sand far down their coui*ses. Here we have for the 
first time in the history of glaciation, so far as now worked out 
<m this the most favorable line on the continent for such study, an 
indication of an altitude and slope of the surface sufficient to pro- 
duce vigorous drainage. 

The question now becomes pertinent, how vigorous ? How 
great a slope was indicated ? On the Illinois river, overwash 
was sufficiently strong to spread out, on the outer side of the 
moraine, plains of gravel and sand of moderate degree of coarseness. 
Immediatel}' next the moraine col)ble stones of three inches in 
diameter are not uncommon. But only a few miles away from 
the moraine, even in the main axis of the gravel stream, the 
material becomes predominantly sand, the gravel becoming fine 
and sul)ordinate. Near (?hillicothe, for reasons not well under- 
st(MKl, the material is again coarse but beyond becomes chiefly 
sand. On the Wabash similar facts present themselves. 
Within two or three miles of the moraine the deposit is chiefly 
fine gravel and sand and maintains this constitution far down the 
stream. 

If I have correlated the moraiiu»s correctly, phenomena of the 
same kind and occuring at the same date are found on the Rock 
river, starting about twenty miles north of the Wisconsin Hue near 
Janesville: on the Wisconsin river in Sauk countv. Wis.. bi»low 
its great l)end: on the Chippewa river a few miles above Chippewa 
Falls; on the St. Croix river a few miles alM)ve its mouth; on the 
Mississippi river a short distance below St. Paul; and on the I)es 
Moines river, at the city of Des Moines. Similiar phenomena also 
occur on all of the important tributaries of the Ohio and the Alle- 
gheny from eastern Indiana to northwestern Pennsylvania. Ill all 
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of these the facts are essentially the same ; the wash was vigorous 
near the ice-edge and became less strong southward. 

The slope of the glacial flood plain has l)een determined ap- 
proximately in the most of these instances, and it is found that 
the descent was considerably more rapid than that of the present 
streams near the edge of the ice. but*l>eyond that the descent was 
only slightly greater than that of the present streams. 
For instance, the terraces which represent the glacial flood plain 
on the upper Mississippi stand, at the mouth of Chippewa river. 
HlK>ut 100 feet alx)ve the present stream. At the latitude 
of the southern line of Wisconsin, 150 miles south, the 
terrace is scarcely 50 feet high, indicating a slope of four inches 
to the mile more than the present. Between St. Louis and the 
southern extremity of Tllinois the discrimination of the glacial 
flood plain from that of the present stream requires attention. 
JUS it only rises alx>ut 25 feet higher and is scarcely aliove the 
extreme reach of modern floods. Below the mouth of the Ohio 
it is not certain whether the glacial flood pnxlucts under con- 
sideration have l>een successfully distinguished from deposits 
formed by the mcKlern river. Declines of a similar nature are 
found on the Wisconsin, the Rock, the Illinois, the Wabash, the 
tributaries of the Allegheny and the Allegheny itself. On the 
Little and Ureat Miamis Mr. liCverett has found that the glacial 
flood plains descend less rapidly than the present streams. 

But l)efore conclusions respecting the slope of the general sur- 
face are drawn, it is to be noted that all these glacial streams 
were tliptmlthty and not en)ding, and that their currents were not 
sufficient to enaV)le them to carry away the burden of material 
furnished to them, so that they built up their lM)ttoms until 
sufficient slope was gained. The deposits of gravel on these 
streams near the ice-margin, reach in several instances, lieyond 
100 feet in depth. The increased slope of the flfK>d plain near 
the moraine is obviously due to the gi*eater load of material and 
not to any upward curvature of the general surface. 

These being the essential facts, judgment will perhaps differ 
as to the precise amount of slope which the general surface pre- 
sented at the glacial stage in question, but 1 think no one, who 
duly considers the phenomena, will maintain that the slope was 
very much greater than the present. The existing streams are 
eroding their bottoms, even with their lower gradient, and the 
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glacial streams must have l>een very greatly overloaded with 
detritus to have been depositing streams, to the extent T 
have indicated, if their slopes were notably greater than the pres- 
ent, especially in view of the greater volume of water which the 
streams then nndoubtedly bore. 

V. Phenomena of the Latest Mffrainen. Within the outer mo- 
raine which bears this overwash apron of gravel are other and later 
moraines which present like phenomena, but in no case are they 
more striking, except locally and narrowly, and in most cases the 
overwash and drainage phenomena are more feeble. The moraine 
next succeeding is almost equally coarse and rugged in its develop- 
ment and is accompanied by almost equally coarse and abundant 
drainage drift, indicating the existence of alx>ut the same topo- 
graphic conditions; but the later moraines generally display 
feebler drainage phenomena indicating a return to the flatter con- 
dition of the earlier glacial epoch. 

VI. LavuHtrine and Marine Phenomena, (contemporaneous 
with some of these later moraines and extending thence down to 
the close of the glacial period there w:is a succession of glacial 
lakes occupying the north-sloping basins. The presence of these 
lakes, the attitude of their shore lines and the position and char- 
acter of their discharges indicate that low elevation prevailed 
during the closing sUiges of the glacial period. The Same fact is 
proved more conclusively by the marine dei>osits on the Atlantic 
coast which were contemporaneous with the presence of the ice. 
The facts under this head are Um> familiar to recjuire more than a 
passing reference here. 

In the sketch thus far. I have followed the phenomena of th<». 
Mississippi basin because the drift is there deployed so advan- 
tageously and because its indications seem so conclusive, but the 
phenomena on the Sus<iuehanna and Delaware rivers, as l»rought 
<mt bv the studies of Lewis, MciJee. Salisburv and others, as 
well as our own. testify to a like general fact, though in far less 
detail. The ealier glacial deposits there, as in the Mississippi 
valley, appear to have been accompanied by less vigorous drain- 
age and to have l>een coincident with the submergenc(» of the 
coast region. The later deposits were accompanied by somewhat 
more vigorous drainage than the present, precisely as in the 
Mississippi valley, but the glacial streams were there also deposit- 
ing streams, and the phenomena do not seem to me to indicate 



274 The Am er lean Geologist, November, 1991 

much greater 8loi>e of the general surface than the present, ix)9- 
8il)ly no greater. 

Tn the discussion thus far the nttitmh- of the surface has been 
considered and a harmonious altitude has lieen assumed as a 
necessary factor. Abstractly it might be held that the whole 
region was lifted l)odily without disturbing its flat surface atti- 
tude, but the drainage at the edge of such a plateau, formed of 
erodable material, like that of the lower Mississippi region would 
speedily revolutionize the whole drainage phenomena and the 
tojMigraphic aspect of the valley. It is utterly incredible that the 
silts that cover the west half of the state of Mississippi were 
deposited at even their present hight b}- a stream fifty, if not a 
hundred, miles wide. No such stream could exist on the brink of 
such a plateau of soft material, or, if once formed, could main- 
tain itself for an appreciable fraction of the silt-dejwsiting period. 
It is e(|ually incredible that the broad trenches of the Mississippi 
and its tributaries could have been formed under plateau con- 
conditions. The whole phenomena show that low altitudes went 
with flat attitudes. 

VII. Grnrntl Couchtsions, From this survev. which has 
necessarily been hasty and synoptical, since the details are multi- 
tudinous to the last degree. T draw the following inferences : 

First. Ttiat throughout all the earlier stages of glaciation thus 
far defermined in the Mississippi Imsin, the attitude' of the land 
was lower and flatter than at present and the drainage slacker. 

Second. That during the earliest stages of what I have been ac- 
cuslonied to interpret as the later glacial ei^och. the attitude of this 
region was not far different from the present: possibly somewhat 
more elevated, and sloping somewhat more nipidly to the south, 
but the gradient could not have been very considerably greater 
than tile present. 

Third. That during tiie inter-glacial ej^och the attitude of the 
country was such as to permit erosive drainage to the depth of 
one hundred or more feet below the present flood plains of the 
leading .streams, but that the elevation of this period was not ex- 
cessivt'lv jrreat is inferred from the fact that the trenches so cut 
were broad as well as deep. 

Fourth. That during the closing stages of the later glacial 
epoch the attitude of tiie country was again flat, being toward its 
close, more depressed than at present. 
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I invite attention to the fact that the area covered by these 
phenomena is broad l)oth in longitude and latitude, and that it 
covers the larger part of the territory that has been critically 
studied with reference to such determinations. This territory is 
sufficient to constitute a large factor in any conclusions that can 
rationally be drawn respecting the attitude and altitude of the 
general area of glaciation of northeastern North America during 
the Ice age, and this area is the gn'nt area of glaciation and must 
form the central ground upon which the ultimate question of the 
cause of the glacial period, and the relationship of the altitude of 
the land to that cause, must be settled. 



AN OUTLINE OF MR. MELLARD READE'S THEORY 
OF THE ORIGIN OF MOUNTAIN-RANGES BY 
SEDIMENTARY LOADING AND CUMULA- 
TIVE RECURRENT EXPANSION. 

IN ANSWER TO RECENT CRITICISMS. 

By T. Mki.lard Reade. 

From the Phihmophical Magatiue for June, 1891. 

Introduction. 

It is now four years since the "Origin of Mountain -Ranges" 
was written, and during that time it has been subjected to consid- 
erable criticism by many able men in various parts of the globe. 
I have purposely refrained hitherto from answering any of the 
objectors to my theory, feeling that it would be better to wait 
and weigh them. It appears to me now that most of the criti- 
cisms primarily spring from an imperfect realization of its prin- 
ciples, scope, and details. 

The misconceptions no doubt largely arise from the complex 
nature of the problems and the ditticulty of keeping the various 
threads of the argument unravelled. Under these circumstances, 
I have thought that the best reply I can niak(» is to restate in a 
shorter manner the various salient points of my theory. Prob- 
ably, if I had given the theory a name, and properly christened 
my bantling before sending it forth in the world to seek its for- 
tunes, I might have been saved from paternal difliculties. 

To prevent further misconceptions, 1 now name my theory the 
* 'Origin of Mountain-Ranges by Sedimentary Loading and Cumu- 
lative Recurrent Expansion. ' 
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The outline here given in of the barest character, and for illu8- 
trations, details, proofs, and quantitative calculations I refer 
those who want to know more to the work itself, as also for those 
portions which deal with other theories, and are of a destnictive 
nither than eonstnictive nature. 



Condition of the Earth's Intkrior. 

The Earth a Solid Spfierold. 

The latest mathematical investigations go to prove that the 
e4irth, taken as a whole, is solid, having a rigidity between that of 
glass and steel. The facts of physical geology are in accord with 
this view ; for if the interior be wholly fluid, as some few contend, 
or if the nucleus be solid and the exterior shell solid with a zone 
of molten matter between, as others assume, the explanations of 
the physical conformation of the surface, its mountains and 
oce>an-l)asins, l)ecome questions of flotation only. 

The crust of the e^irth would lie like a sheet of ice. This fact 
seems to me never to have l>een fully realized l>y those theorists 
who favor either of thesi» views. 

Thf NiK'hunt i)f the Earth pogxeHHes a hiyh Temperature. 

There is such a general consensus of opinion that the earth at 
a depth of from 25 to 30 miles below the surface is at a tempera- 
ture iH^ual to that of molten rock at the surface that it is unnec- 
essary for me to go over the arguments in favor of this widely 
prevalent view. If we assume that it is so, a very little calcula- 
tion will show that matter at the depth of say 30 miles is subject 
to an enormous pressure, to which we can find no parallel by ex- 
perimentiil methods at the surface. Thirty railes= 158,400 feet; 
so that if we estimate that a cohimn of the crust of the earth one 
inch scjuare has a mean weight per foot of 1.5 pounds, the pres- 
sure at the depth of 30 miles will l)e in round numbers not less 
than .100 tons per Sfjuare inch, or 14,400 tons per square foot. 
It has been proved by the experiments of the late Mr. Hopkins 
that there is in certain solids a relation Ix^tween the melting- 
[M)int and the pn»ssure; so that, if the rock at the depth of 30 
miles is at a temperature sutticient to melt it under ordinary pres- 
sures at the surface, the additional pressure of 100 tons per 
s<iuare inch may solidify it l\v raising its melting-point, or at 
least render it plastic. If the pressure increase more rapidly 
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than the temperature aB the earth is penetrated, what may be 
only semi-solid at 30 miles may become rigid at greater depths. 

These points, from their nature, are incapable of direct demon- 
stration, bnt possess a high degree of probability. 

^kell of Greatest Mohilitif. 

Aljthough not accepting the hypothesis that there is a fluid zone 
under the earth's crust, it would follow from the preceding con- 
siderations that the shell occupying the space between the solid 
rigid crust and the compressed rigid nucleus would respond to 
changes of pressure or temperature more readily than either the 
crust or the nucleus. 

Facts of Picvsical (tKolouv. 

All yi'ent MoHiUii in- Ranges are rotnposetl of great thivhia'sseH of 

SeiNmeufart/ ami other Deposits. 
That all great mountain -ranges are composed of great thick- 
nesses of sedimentary and volcanic deposits and igneous intru- 
sions is a fact admitting of demonstration. It is true of the 
Alps, the Andes, the Himalayas*, the Rock}- mountains or North- 
American Cordillera, the Appalachians, the mountains of the 
Caucasus, and the Urals. The .question at once arises in the 
mind, **Ts this cause and effect?" If not, it is a coincidence 
somewhat in the nature of a miracle. If any one example to the 
contrary could be (quoted, the argument of relation would 1h» 
weakened, certainly not disposed of, but, so far as present 
knowledge extends, not one can be found. 



♦Mr. C. 8. Middlemiss, in his extended criticisms on the **Origin of 
Mountain-Ranges" (Memoirs of the Geological Survey of India, vol. 
xxlv, part 3; Physical Geolog}*^ of the Sub-Himalaya of Garhwal and 
Kumaun ). calls in question this principle, though it is admitted by nearly 
all geologists since Dr. James Hall established the fact as re^rds the 
Appalachians in 1857. Quoting my words in the "Origin," "It is impos- 
sible to point to a range of mountains which has been built up of old 
denuded rocks," he completely misinterprets my meaning, which I had 
thought was plain enough from the whole tenor of the work. To give 
an illustration in the form of a prediction, I aver that no mountain- 
range will ever be built up out of any portion of the present land-area 
of £urope unless, and until, a basin of deposition lias been established, 
and a thick sedimentary series deposited thereon. The old rocks may 
then be forced up along with the new, and form a constituent part of 
such a range. Unfortunately, as regards the Himalaya, information is 
meagre; but the granitic axes pointed to by Mr. Middlemiss as forming 
the highest peaks of the Himalaya are just what are re(iuired by my 
theory. 
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Sf'Jimrntari/ Dcposifs out of which Mountain' Ranges httve heen 

huHt up crtemi over Vast Aretttt. 

The dej>osits out of which great mountain-ranges have l)een 
elaborated by foldings, intrusions, and up-heavals are not con- 
fined to the nmges and their immediate neighborhood, Init extend 
over vast areas. Speaking generally, modern geological investi- 
gation goes to prove that the thickest deposits lie, or have lain, 
towards the axes of the chains, though they may have been de- 
nude<l from the actual axes*. Beyond the more folded and dis- 
turbed portions of the chain which often, so far as the newer 
sediments are concerned, lie on the flanks, the strata take on 
more gentle curvatures until, as in the case of the Urals, the Ap- 
palachians, and elsewhere where observable, they become nearly 
horizontal, or only have dips due principally to faulting. 

The Tertiarv and Cretaceous rocks extend from the Alps to the 
Caucasus and across the Mediterranean to the African coast, and 
may lie far beyond, as little is known of the geology of that part 
of the continent. They reappear in the Himalayas, and may be 



♦Mr. Arthur Winslow, State Geologist of Missouri, in a paper just 
published in the "Bulletin" of the Geological Society of America, en- 
titled "The Geotectonic and Physiographic Geology of Western Arkan- 
sas" (vol. ii. pp. 225-242), has applied the principles enunciated in the 
"Origin of Mountain-Ranges" to the explanation of an area in the 
Western part of the state tributary to the Arkansas river, 100 miles long 
in an east and west direction by fifty miles broad in a north and south 
direction. It Is shown in an admirably concise and clear manner that 
the system of parallel interlocking anticlines and synclines having a 
general axial direction east and west is essentially Appalachian in char- 
acter; that the Carboniferous strata of which they are composed in- 
crease in thickness from Missouri southwards into Arkansas; that the 
lateral movement has come from the South, and that the thickest strata 
are the most fiexed. Mr. Winslow shows— a point that I have strongly 
insisted upon as cliara<teristic of anticlines— that these geological 
features are elongated canoe-shaped domes having quacpiaversal dips. 
He considers that the expansion of the lower layers of rock produced 
by the rising of the isogeotherms and their conse(iuent protrusion in the 
form of anticlinal cores has fractured the apices of the arches, and thus 
exposed the upper layers to energetic denudation. He infers also that 
the developed sections of such foldings are no measure of the original 
horizontal length of the beds—a principle I have strongly upheld, and 
which is l)eing conceded by most geologists who have studie<l mountain- 
structure. The district seems to be one in which tlie first principles of 
the dj'namics of mountain-building can be well analyzed, as there is not 
such a complexity of causes to be considered and discounted as in the 
more colossal disturbances of the great mountain-ranges of the world. 
A few careful studies of mountain physiography such as this by geolo- 
gists who have the opportunity and are equipped with the necessary 
physical knowledge would be of intinlte service. 
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continuously connected, though this has not yet been proved. 
The same formations extend far to the eastward of the Rocky 
mountains and the Andes, and most probably to the westward 
under the Pacific ocean. 

The greatest ranges of the world have been elaborated in Cre- 
taceous or Tertiary times, and the connection between sedimenta- 
tion and upheaval is here most striking. 

Sfdimeuts out of which Mountnia- Ranges hace been eJnboratvd wen- 
laid down in Basins or Troughs /ortned hy the bending of the 
earth's crust. 

The thickness of the rocks, mostly conformable, composing 
s<jme great mountain-ranges has been estimated by competent 
geologists at from eight to ten miles. The bulk of the rocks, as 
judged by tlieir constitution, are usually considered by geologists 
to largely indicate either a moderate depth of water or actual 
shallow conditions. These rocks are intercalated with others ex- 
hibiting signs of a more oceanic origin. All the mountain - 
ranges mentioned may be pointed to in illustration of this state- 
ment. There is thus evidence that regional fluctuations of level 
in the earth's cnist have taken place on a large scale often suc- 
ceeded by, as in the case of the Coal-mejusures, continued down- 
ward subsidence combined with shallow- water conditions. 

It is evident, from these facts, that the great earth-troughs, 
in which these materials for mountain-building were accumulated, 
were in some cases, on the final completion of sedimentation, 
double the depth of the deepest known oceanic troughs, which do 
not reach more than five miles. 

Considering that there is a strong development of Cretaceous 
and Tertiary rocks extending along the western coast of North 
and South America, it is seen that these operations have there 
been carried on on an unusual scale. Deposit and alteration of 
level, elevation and subsidence, l)ut preponderantly subsidence, 
progressed for an immense length of geological time in these 
areivs, occupying not a mean jwrtion of the earth's histor}'. 

It is not, however, to be assumed that this was a continuous 
trough at any one time, rather that it consisted of a series of con- 
nected basins which underwent independent changes of level, the 
area being part of the time low-lying land interchanging with con- 
ditions of submergence. 
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Volcaiiir. action often contemporaneous with the laying-diHrn of 

mattnah for Mountai n-hnihl iny. 
Coutemporaneous intrusive sheets of volcanic rock are a com- 
mon occurrence in some part of the sedimentar}' history of a 
mountain-range. In addition, it is frecjuentl}' found that vol- 
canic ashes laid down in water, or subaerially. have a large de- 
velopment in rocks composing mou ntain -ranges ; and necessarily, 
if these occur, d^'kes and volcanic rocks of the same age must 
exist in the foundation materials of the range. 

Dynamical Principles. 

Everj' theory which has hitherto lieen proposed to account for 
the elevation of mountains and the folding of the stratified beds 
forming the earth's crust hinges finally on changes of tempera- 
ture. Thus the tangential force generated in a rigid crust of low 
temperature by the cooling and shrinking of the earth's nucleus 
has l)een invoked to account for the crumpling of the crust into 
mountain-ranges; the crumpled skin of a dried apple being the 
stock illustration. In this case, the force called in is rontinuoM 
contraction bv loss of heat. The theor>' which I have elaborated 
is one dependent upon alternations of temperature in the crust, 
contraction and expansion lioth l>eing agents of uplift and lateral 
pressure. 

Battinx of Depitsition and Loadiny of the earth's crust. 

It has already l)een shown that the establishment of basins of 
deposition is the condition pi*ecedent to the building of a moun- 
tain-range. There can ]>e no deiK>sition if there is not land-area 
enough either in the shape of continents, islands, or active vol- 
canic orifices, or all combined or successive, to yield the neces- 
sar}' sediment. This furthermore implies considerable stability 
of conditions over lengthened periods of time combined with local 
mutations and changes of level, and, jis 1 have indicated, we have 
the history of these mutations within the rocks of a range. The 
distril)ution of sediments is dependent upon the depth of the 
water surrounding the land and the currents of the sea (when 
thev are not laid down in lakes or subaerially bv rivers\; but. 
whatever the conformation of the coast and sea-l>ottom, a con- 
tinuous discharge of sediment ujK)n it must in time load it, and, 
as proved l)v the enormous thickness of rocks composing great 
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mountain -ranges, bend the crust below the maximum depth of 
any oceanic depression. 

This necessary' subsidence again insures the establishment of 
the basin of deposition and its continuous existence. 

JXsplaceinent of matter iu the ShctI of Greatest Mobility. 

Tf the matter in a shell of the earth l)etween the nucleus and 
<»rust is in the condition 1 have postulated, it is evident that a 
lateral displacement of the matter of the shell must take place to 
some extent through weighting by sediment, and this will have its 
effect in raising the levels of the earth's crust surrounding the 
basin of deposition; but will not l)e an agent in mountain- 
building. 

Movement tf the Isogeothfrmn. 

It is evident, from the variations in the rate of increase of 
temperature that exist in various localities as the crust is pene- 
trated, that the lines of equal tempeniture (isogeotherms) in the 
earth's crust are subject to change, for it is not to l>e supposed 
that the temperature gradients have remained in their existing re- 
lations for all time. 

It is also evident, as first shown by Babl)age and Herschel, that 
the covering of any particular area of the earth with sediment 
will necessarily raise the temperature of the crust l)elow*. If. 
therefore, we assume a thickness of 10 miles of sediment to l>e 
laid down in a basin of deposition or earth-tn)ugh, and the rate 
of increase of temperature to \w one in fifty, what were originally 
surface-rocks possessing u surface-temperature determined by the 
climate of the locality will Ik* raised in temperature over 1,000° 
Fahr., and eventually the whole of the underlying rocks of the 
earth's crust even below the shell of greatest change will be pro- 
portionately affected. The 10 miles of overlying seiiiments under 
**uch conditions would be raised 1,000° Fahr.. at the base, dimin- 
ishing to zero at the surface. 

Ejferts uf thf rU*' if temperature on the Fttmalation Rock's. Ini- 
tial Stat/f. 

The section of the crust of the earth weighted and heated at 
the same time will be subjecte<l to a gmdually increasing com- 
pressive stress. So long as the actual expansive force of the 
heated cnist is insufficient to raise the weight of sediment l)eing 

♦This is well explained both by Babbage and Herschel In the 9th 
Bridgewater Treatise. 
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piled upon it, it will continue to sink, though subject to vertical 
pulsations of level due to other causes, which it is not m}' object 
to treat of here. But there will eventuallv come a time when the 
accumulated stresses of the expanding rocks will overcome the 
weight of sediment, and then the upheaval, folding, and building 
of the mountain- chain will begin. But it is not to be supposed 
that the rise of temperature takes place with the mathematical 
precision descril)ed here for mere purposes of explanation*. I 
have shown that volcanic action often contrilmtes to the founda- 
tion materials of a mountain-range, and that intrusive sheets and 
dykes penetrate the sediments, and ash beds are laid down l)efore 
the initial movement ushering in the l)irth of the range takes 
place. It is evident from this that there will be great variations 
of temperature taking place in the foundation crust and the sedi- 
ments during their laying down. 

The whole series of rocks, volcanic and sedimentarv, will form 
a complex which will be simultaneously, but differentially, atfected 
b}' the folding and elevation when that l)egins. 

Unlockuig the I yuv( his farces of the earth. 

When once the elevation initiated only by piling-up of sedi- 
ment, the sinking of the crust, and its consequent he^iting — 
otherwise by the rise of the isogeotherms — is established, a move- 
ment of the interior heated matter of the earth must take place 
towards the axis or axes of the range. This is proved by the 
frecjuency of granitic cores in great mountain-ranges, by the vol- 
canic action accompanying their elevation, and its persistence or 
recurrence in a range even late on in its history, as instanced by 

♦This seems a fruitful source of difficulty with some minds, beginniDg 
with Hopkins and ending with Hutton. Fisher, and Middlemiss. Their 
position seems to be this: if the rise of the isogeotherms into the new 
deposits eventually wrinkles and lifts them, why does it not begin at 
once? Why, for instance, should not 100 feet in thickness cause a rise, 
and if it does, how can thick beds ever be deposited? But there are 
thick beds, so the alleged priinnm luohile never acts. Q.E.D. 

After making, as \ fondly thought, full explanation of the nufdax 
operamli^ I never anticipated the establishment of what a sense of 
humour compels me to call another ;>(>/<;» tisinortnn. Even supposing the 
isogeotherms rose as rapidly as the deposits were laid down, the deposits 
could not he lifted until sufficient force accumulated to overcome the 
gravitation. Hut in a sinking area, as I have pointed out, if there be 
anything in the principle invoked, the presumption is that the isogeo- 
therms are in process of sinking also, and it may take a lengthened 
period of sedimentation before they begin as a series to move upwards. 

There are many other possible conditioning causes. A practical 
mechanical mind should soon see through this imaginary difficulty. 
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the Andes, Rockies, and the mountains of the Caucasus. \vhen» 
volcanic cone« surmount some of the highest granitic peaks, show- 
ing tliat these are the lines of least resistance through which the 
interier forces of the earth expend themselves. 

HeutiiHj of th*t ror/cM of the Mountoin-Ranyt: rccnmnt tnnl ron- 

stnntltf rcneired (hiriinj its himtort/. 
It is thus seen that the heated interior matter of the earth is 
constantly being drawn towards and injected into the constituent 
framework of a mcmntain-range. When once the elevation of 
the sediments consolidated into rocky mattc»,r in the Ciirth-trough 
begins through the influence of lateral pressure and the expand- 
ing juass beneath, a reduction of pressure and increa.se of volume 
takes place in the underlying fused rock. The compressive 
stresses of the rigid rock are partially relieved by folding and 
upward flow, and the temperature of the mass falls. Additional 
fused matter has l>een drawn from the interior, and in process of 
time the rocks of the range l)egin again to rise in temperature. 
Such fluctuations of temperature are well shown in the intermit- 
tent character of volcanic action. After a great outflow of lava, 
a volcano is (fuiescent, sometimes for centuries. It has lost so 
much matter and so much heat, but the forces accumulate 
during the time of (juiescence to bui*st forth with renewed vigor. 
Such intermittent activity T conceive is what takes place on a 
larger scale in the history of a mountain-range, but with gi*eater 
time- intervals. 

Difiinmival Effort on tlw sfrfrftt of thf rnixt hff Rimv of 

T^'inptraturv. 
The eflfect of a rise of temperature on the rocks of the earth is, 
excepting in the cjise of unconsolidated clays, to increase their 
bulk. From a great number of experiments made by me on 
sandstone, slate, limestone, and marble, I have estimated the co- 
efficient of expansion of average rock at 2. 75 feet lineal per mile 
for everv rise of 100° Fahr. : but there is everv reason to believe 
that the coefficient of expansion rises at higher temperatures than 
those at which my experiments were conducted. It has been 
urged by some of my critics that 1 have not allowed for the com- 
pression of the sediments filling the earth-tn)Ugh into denser 
maiKses, but have credited all the expansion to mountain-building*. 

♦Hutton, Presidental Address, Section C, Melbourne Meeting of the 
Australasian Association for the Advancement of Science, p. 89. 
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It has Ikh»ii overl()()k(Ml thiit I have already explained that the 
weight of the ma^s alone will, by compressive extension, consoli- 
date the beds below by reducing their thickness. Also the denser 
sedimentary rocks are often denser oiUy hy infiltration. This is 
particularly the case with sandstones, where the conversion into 
the final stage of (luartzite is by the deposit of secondary silica 
in the interspaces of the grains, not by condensation. 

Clan's contract on heating; l)ut, according to my views, the 
CO attraction of such beds in an e^irth -trough will Ik* vertical only, 
by reason of the superimposed weight. A stage of metamor- 
phism is at least arrived at, as we see in day-slate, when the ma- 
terials of that rock, originally clay, become metamorphose<l so :tH 
to behave like other rocks, and expand with a rise of temperature. 

Even if these criticisms possess much force, they do not apply 
to the rocky crust of the earth already consolidated forming the 
earth-trough in which the sediments are laid down. There will 
be little m* no loss by condensation in them, onlv straining or 
change of form. It is obvious that deep-seated rocks must l)e 
so compressed by simple gravitation, that lati»ral pressure will 
have little etfect in further condensing them. 

Revurreut fjrpausion rnimffafiir in itx fffects. 

If a given area of the crust of the earth is raised in tempera- 
ture, when the limit of elasticity is reaeheil the surplus material 
must be disposed of by a change of form; it will rise in the line 
of least resistance. 

Assume that the surplus due to the cubical expansion of a 
horizontal sheet is thrown into a ridge, and that then a fall of 
t(»mperature takes place to the same extent. The material ridged 
up can never be drawn back again; it l)ecomes a permanent feat- 
ure of the earths surface. The contraction must be satisfie<l in 
another way, either by breaking up into blocks, faulting and sub- 
sidence* extending through its substance, or In' vertical contrac- 
tion alone, and the lengthening of the beds by compressive exten- 
sion due to the weight of superimposed materials. Probably 
lM)th these principles generally come into operation together in 
nature. The earth is lM)und to retain its solidity in whatever way 
that may l)e satisfied. If a rise of temperature then succeeds, 
the etfect will be as before, and deformation will result, its localitv 
l)eingdeterniineil by the line of least resistance. 

In the ca.se of a mountain-range it will take place along or 
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parallel to its axis, and the range will receive another accession 
of bulk. 

Thus we see that the etfeet of alternation of temperature 
in the earth's crust leading to the esta])lishment of mountain- 
chains is cumulative. This cumulative effect of small alterna- 
tions of temperature may be seen in the ridging-up of an}- old 
lead gutter, lead flat, or lead-lined bath or sink. It has been 
likened to a ''rachet' movement, which is not an inapt illustra- 
tion if taken with the necessary (pialifications. 

Effects of contraction. — Normal failtinu. 

Normal faults, that is faults that hade to the downthrow, are 
the result of contraction, and are posterior to the fii*st plica- 
tion. Any section of a mountain-range traversed by normal 
faults shows the folds sheared in a way that proves this. Nor- 
mal faulting is, however, most prevalent in the less distur]>ed 
strata that flank a ninge. The mountain -range pushed up Ijy 
successive lateral thrusts or recurrent expansions acting over a 
greiit length of time and the folds thrown back and further com- 
pressed by the cores of gneiss and granite intruded into them, 
l)ecomes a solid mass which cannot be dmwn back by contraction. 
Contraction therefore has its maximum effect on the more hori- 
zontal deposits that flank the nuige, and extend for considerable 
distances on either side. 

As the crust of the earth must remain solid, the condition is 
satisfled by shearing and we<lging-up by gravitation, — otherwise 
by normal faulting. Contraction of igiu»ous masses l)eneath may 
induce this faulting in some cases, but it is not a necessary condi- 
tion. Cubical contraction of the solid crust is sufticient. 

Auidri'i'H to some ohjccfioint. 

The object of this outline of my theory is to focus its salient 
points, as many of my critics for some reason or other have failed 
to grasp them. What they critcise is friHiuently not my thef)rv, 
but some nither vague notion called the •.•Ilerschel-Hal)bage" 
theory. What is exactly covered by this description I have a 
difficultv in ascertaininjr. On the other hand. on(» writer (»alls 
Mr. O. Fisher's theory', with which mine has no analogy, the 
**IIerschel-Babbage' theory. I trust 1 shall give no offence by 
repudiating this labelling and claiming the theory as my own. 

Neither lfei*schel, Scrope, nor Babbage ever advanced so far as 
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to elalM>rate what could l)e justly called a theory of Mountain- 
building. They gave to the world some fruitful suggestions, and 
acute reasoning thereon, which have !>een of considerable use to 
a succession of speculators in geological physics, and to myself 
among the rest*. One of the most fre(pienth' urged objections 
to my theory is the supix)sed inadequacy of expansion by rise of 
temperature to account for the excessive folding some mountain- 
chains have undergone, linear expansion only being considered. 
My reply to this is that even linear expansion alone places at our 
disposal more latend movement than any other theory. It is 
true that those speculators who have invoked tangential thrust 
through the assumed shrinking of the earth's nucleus, have had 
iit their comman<l any amount of lateral movement their imagina- 
tion liked to draw ui)on, hence the simplicity and success of the 
theory — for a time. It has, however, been shown pretty clearly 
that the bank upon which these cheques have been drawn is one 
4)f very limited lial)ilityt. and (piite unequal to honoring them. 

Prof. Hutton. in his verv able address to Section C of the Mel- 
bourne meeting of the Australasian Association for the Advance- 
ment of Science, srives an excellent rhume of the various 
hyix)theses that have been suggested to account for mountain - 
building. I confidently appeal to his description to show that, 
omitting the tluH>rv of siK*ular contraction of the earth's nucleus, 
which 1h» disposes of very effectually, none of the suggestions, 
theories, or hypotheses except the one I supi)ort provides any 
hiteral movement other than that due to intrusions of molten 
rock. 

Pi*of. Ilutton, in his description of my theory, doubtless given 
in the greatest good faith, leaves out what are in my view some of 
its vital and essential portions. 1 gave as an illustration the 
cubical expansion of an area of rock 500x5^0x20 miles, and 
showwl that it would, if raised 1,000° Fahr., have an effective 
increase of bulk of 52, K»5 cubic milesj. Prof. Ilutton seems to 
assume that this is the Alpii.v and ().MK(iA of my theory — the 
lieginning and the end. 1 cannot but think it strange that he 

♦Until after my work was puhlished I had read nothing of this but 
what was contained in Lyell's ^'Principles" and letters, and Babbage's 
l)aper, read before the Geological Society in 1834, nor had I read Scrope's 
views. 

tSee Hutton's examination of this theory in the Address referred to. 

J "Origin of Mountain-Ranges," p. IKJ. 



i 
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should take this view, as one of the fii'st ehapterst details illus- 
trative experiments to give the reader the first conception of re- 
current expansion. 

The fact is, that there is no limit to the lateral movement pro- 
vided b}' recurrent expansion, excepting the natural limit of the 
numl)er and intensity of the successive changes of temi>erature. 

I can assure Prof. Ilutton that if I had advanced no further 
than the single constructive conception of cubical expansion as 
an agent in Mountain- Huilding, in itself original — or, at all 
events, not contained in the Ilerschel. Habbage, Scrope, or Lyell 
conceptions of the effects of expansion on the earth's crust — the 
* 'Origin of Mountain-Ranges* wouhl never have been written. 

The object of this outline being to correct some prevalent mis- 
conceptions of my views, T have confined myself prin(npally to 
restating in a shoiter form the essential principles of my theory 
of mountain -format ion by sedimentary loa<ling and cumulative 
recurrent expansion. For all the details, proofs, illustrations, 
and numerical calculations I must, as before stated, refer those 
interested to the original work. Perhaps it mny lead some who 
have already read the -'Origin of Mountain-Ranges' to agjiin read 
and reconsider it, when I trust the jK>ints T hav(» touched on in 
this outline will add to its lucidity. Honest criticism, even if 
8evei*e, is one meanrf of elucidating the truth, and T not only 
invite but welcome it. 

Park Corner, BlundollHatids, 
Liverpool. 



NOTES ON CAMBRIAN FAUNAS. 

By Ci. F. Mattiikw. St. John, New Brunswick. 
/. Thi' 7\ir(Hiir t^aumi of Kmmons eoinpaml in't/i (\iin1trtaii 

liiH'izohH of thv. St. John ( J roup. 

In view of the discussions now going on or that have In^en heM. 
in regard to the vexed (piestions of Taconic and Cambrian, a few 
\vords of comment on this long imperfectly- undei-stood an<l little 
known fauna, may not be considered out of place from one who 
has l>een at work on the lower paheozoic rocks of a neighlM)r- 
ing region. 

Emmons' original types have at length been fully elucidated, 

*D,iiL Chap. III. 
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and to them have l)een added many sjieeies from Lower ('ambrian 
horizons 1)V various authors and especially of late b}' 3Ir. C D. 
Walcott until we now have what seems to be a very formidable 
array of species. These are all classed together as the '*01en- 
ellus fauna", ])ut there appears to be room for a considerable im- 
provement on this general classification in the future, when the 
relations of the ditferent groups of strata shall be better under- 
stood. To the writer it appears that there are indications of more 
than one horizon of life in the assemblage of forms that have 
been collectively designated the Olenclius Fauna. This api>ears 
to me to be indicated by the fauna of Washington county. N. Y., 
the source of Kmmons* types, and which has l)een nK»ently 
studied by Mr. Walcott.* 

lentil lately, and in fact until Mr. Walcott undertook this ex- 
ploration, this fauna was so imperfectly known, that except as 
regards Olenelhin nHaphiniUs no use could l>e made of Emmons' 
discoveries for the exact comparison of faunas. 

It is true that Mr. S. W. Ford pronounced Atopn triUnratu» a 
(N)no<'orvphe, but withcmt a figure and without knowing the 
sense in which he used the name no definite advantage came 
therefrom. This term (^onocoryphe had been so loosely used in 
England and elsewhere that it had lost its generic value when 
cui-sorily used. Mr. Walcott's figures however enable us to see 
that Atopx trlUiuntns is a true Conocoryphe. 

In taking up the most prominent genera of this Washington 
county area one may begin with 

Coiiocori/phe. tnlincntii. t 

This species is of especial interest as combining the head of a 
ronocoryphe with the pygidium of a Ctcnocephalus. It is not 
a Ctenocephalus however, because the charactei*s of the head 
shield should receive the first consideration, and thesi* make it 
a (Vnocoryphe. As a Conocoryphe it should have but fourtei»n 
to sixteen segments in the thorax; the seventeenth segment in 
this species will represent the first segment of the pygidium of an 



*Fauna of the Upper Taconic of KmmoDS in Washincrton Co., N. Y. 
C. D. \yalcott. Am. Jour. Sci. Yol. xxxiv, Sept., 1887. 

+The author fullv a<rrees with Mr. Walcott that it would not bo Avise 
now to attempt to restore tlie name Atops for Conocoryphe as it would 
upsot the nomenclature of the latter ^enus, largely used for more than 
forty years. Atops was not defined so as to he recognizable, either at 
the first, or for many years afterward. 
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ordinary Conoeoryphe in which this segment is anciiylosed in 
the pygidiuni. and not free as represented in (\ triUueata. 

Wherever known (except in this district of Washington county) 
the home of the Conocorypliea is in the Lower Paradoxides In^ds. 
This is tlie casein the south of France, in Spain, in Wales, and even 
in Sweden. In this latter country a species has been found in 
the l^pi)er Paradoxides l)ed8, but still the great swarms of these 
trilobites are found in the lower beds. This is also strictly the 
case in the St. John group. 

Olenclhin tinuphoideH. * 

The fact that this species is not intermingled at an}' locality 
with the Olenelli of Vermont, seems to me significant; and proba- 
bly shows that we are dealing with a fauna of a different horizon 
from that where 0. thonipnoni and 0. (M.) renttontiaan occur. 
T{a<l this species lieen found in a region distant from the two 
Vermont species, it might be reganled as a w)tempomry regional 
variation of the type, luit 1km ng so near at hand the probablilitic^ 
are in favour of a ditferenct* of age l)etween the Olenelli of the 
two plactMH. (K nHaphoideH is the species whose <levelopment was 
so well shown by Mr. Ford, and by him compared to that of 
Paradoxides. 

MirntiltsrHH von ncrus. 

This spiK'ies shows )K>ints of close re8eml)lance to those of 
the Lower Panuloxides lx»ds. It is a composite of the characters 
of M. (hnrmoin ot the St. John group on M. eurcHfruM of Sweden. 
Dr. Linnarsson in his essav on the Lower Paradoxides beds of 

ft- 

Andnirum, gives a careful analysis of the layers which make uj) 
these IkhIs, and of the* faunas which thej' contain; and it may 1m» 
seen that Jf. eurvutniH comes from l)ed8 which by the containe<l 
fauna corresjwnd to the highest of our Div. 1. c lieds and the low- 
est of 1, f/f. Thus the form appears to have shown itself a little 



♦This species was orlginaly described by Emmons as EUi2)toceph4iUt 
4i$npkoide», and ii appears to me now, that this name should have been 
retained; but I use the name by which the species is commonly known. 
fFor the convenience of those not familiar with the series of faunas 
found in the St. John group, the notation is given below: 
Division 1 (Acadian). 
ti. No fauna known. 
//. Fauna with Agraulos articephalus. 
e, 1. Fauna Paradox, lamellatus, c. f . oelandtcus. 
i\ 2. Fauna Paradox, eteminicus c. f. rugulosus. 
ij. Fauna Parado.x. abenacus c. f. tessini. 
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later in Sweden than in New Brunswiek ((^mada), as M. dawsoin 
characterizes the lower Ijeds of Div. 1 , c. But still the form in 
Ijoth countries is within the Lower Paradoxides beds. 

Ij in nil I'HHon ta taron int . 

Mr. Walcott speaks of this as a Fiower Cambrian U\ *\ Para- 
doxides l>e(ls) type, and says it is relateil to L tramtofrii (of the 
St. John group) and L sayiWilU (of the Menevian group). The 
resemblance to the St. John species, which ranges from Div. 1 h 
to (/, is well marked. 

Orthis stdenuntnin. 

This form may be compai*ed with Orthiniua prfh'ro of the Par- 
adoxides IxmIs of *Spain, and with 0. {r. j\) hichai of the St. John 
group. The latter is found in Div. 1, r. 1. 

Lvperditui (Icrmaftndcs. 

This agrees in form with an undescri!)ed species from Div. 1 
b. 1 of the St. John group. 

Without going into the comparison of other species of the 
Washington county fauna, which also resemble forms of the 
Paradoxides IkhIs, it appeiirs to the writer that those aln»ady 
mentioned prove a very close alliance between the Washington 
countv fauna, and that at the base of the* Paradoxides VkkIs; and 
hint at the probable cotemporaneous or nearly cotemporaneous 
existence of the two faunas; not in tlie same area perhaps, but 
in districts not verv far remote from each other. • 

As already remarked the partial independence of the fauna 
with 0. iiaiiphoidcs from that with 0. t/ionipxoni points to a dif- 
ference of age l>etween them. These are jH>ints which future 
investigation will determine. 

To summarize the bearing of these rennirks on the age of the 



e. Upper Paradoxiden beds, no fauna known. 
Division 2 (Johannianj. 

a. Agnostus pisiforniis,* supposed place of. 

b. Fauna with Lingnlella starri c. f. davidls. 

c. Fauna with Liugulella radula c. f. lepis. 
Division 3 (Bretonian). 

a. Fauna witfi Parabolina spinulosa. 
h. Fauna with Peltura scarabeoides. 
('. Fauna with Dictyouenia flabelllforme. 
, ^ Black shales— Faona unknown. 
• } Place of Tremadoo (Ceratopyge) Fauna. 
(I. Fauna with Tetragraptus 8- branch iatus, etc. 



*A(/no8tu8 pisi/orwis Ih ]iot found in the St. John BaMn hut furth«'r inlnud. 
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On the completion of your survey you will please make a report to us 
of the result of your investigations. 

On behalf of the Minnesota Historical Society: 

Henry H. Sibi.ey, President, 
[l. 8.] J. Fletcher Williams, Set'retnry, 



froPY.] 

State of Minnesota, 

Executive Department. 
WHlltUH IL MerridiH^ Goti*rnoi' of gaid State, to J, V, Brotrer, of R/imney 
Covntp, fiends greeting: 
Reposing especial trust and confidence in your prudence, integrity and 
ability, I have appointed you, the said J. V. Brower, as commissioner of 
the Itasca State Park, pursuant to an act of the Legislature of this State, 
approved April 20, 1891. 

You are therefore by these presents appointed and commissioned 
commissioner of the Itasca State Park, as aforesaid, to have and to hold 
the said office, together with all the rights, powers and emoluments to 
the said office belonging or by law in anywise appertaining, until this 
commission shall be by me or other lawful authority superseded or an- 
nulled, or expire by force or reason of any law of this State. 

In testimony whereof, I have hereunto set my name and 
(*aused the Great Seal of the State of Minnesota to be affixed 
at the capitol, in the city of St. Paul, this fourth day of 
May, in the year of our I^ord one thousand eight hundred 
and ninety-one, and of the State the thirty -third. 

By the Governor, 

William R. Meruiam. 
F. P. Brown, 

[l. s.] Sit' ret a ry of Stittf\ 



THE GOVERNOR'S REQUKST. 

State of Minnesota, 

ExE<'rTivE Department, 

St. Paul, Aug. 8, 1891. 
If on. J. v. Broicer^ CoiiiiitiHuionfr of the Ttanea State Parl\ 400 Jaeknon 
Street, City. 
Sru: Publications in the papers of the state have been made within 
a few days past regarding the reputed discovery by a citizen of the 
State of New York of a new source of the Mississipju river, which he 
claims to have made in 1881, and has since widely ])ubli8hed his right to 
be considered as its original discoverer, and causes changes to be made 
in the maps of our state in Hupport of such discovery. 

Mv attention has been called to these statements bv citizens interested 
in the truth and correctness of the geoirraphy of our state, and it is de- 
»*irable to have some definite and correct statement offlciallv made as to 
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the liydrographic and other features of the Itasca basin, autliorized by 
law to be set apart as a public state ])ark, gained from a thorough 
physical knowledge of the same, to the end that facts regarding the 
ultimate source of the Mississippi river may be established and pub- 
lished for the benefit of the people of this state. 1 therefore request 
you to report to this department any facts in your possession which may 
be deemed pertinent to this question whicli has come to your knowledge 
as commissioner or otherwise. 

Yours respectfully, 

William \\. Mkrriam, 

Gocernor. 



THK COMMTSSTONKirS REPORT. 

State of Minnesota, Itasca State Park, 
Commissioner's Office, 

St. Pail, Minn., Au^r. \X 1S91. 

JHh KxrvUtiwy, William R, Merriam, Gormior of 3finnc^ufa. 

Sir: 1 have the honor to ncknowlodgo the receipt of your 
favor of tlie tliinl instant, recjuesting rae to re|X)rt to your de- 
partment any facts in my }K)ssessiou. as commissioner of tlie 
Itasca State Park, or otherwJHe, descriptive of the liydrographic 
and other features of tlie Itasca basin, authoriziHl bv law to Ix^ 
set ai)art as a public park, to the end that facts n»garding the 
ultimate sounre of the Mississippi river may be established and 
publishe<l. 

During the year 1880, as a special commissioner of the Minne- 
sota Historical Society, a co-ordinate branch of the State govern- 
ment, I mad(» a detailed bydrognipbic survey of the source of 
our great river, mid formulated an exhaustive report tlieri»on, 
which has not as yet bi»en [)ublished. 

From the field notes then taken, the corres|K)iidence, and all 
examinations and researches made, I have the honor to re|H)rt the 
following facts for the use of the executive department of Min- 
nesota. 

The drainage basin of the Mississippi river extends from the 
gulf of Mexico, at the mouth of the river, to an ultimate limit 
alK)ve and beyond Itasca lake in this stat?. This great basin, 
more than 1,000,00(1 square miles in extent, is Inirdered on the 
4»ast by the Alleghany and other ranges, and on the west by the 
Rockv mountains, and contains a]»out 100,000 rivers nnd streams, 
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which flow towtinl aad finally dischivrge their waters into the 
Mississippi, principally through the mouths of the larger and 
more important confluent an<l aflfluent tributary' rivers. These 
watei*s are entirely sui)plie<l by the copious precipitation char- 
acteristic of the fertile basin drained from north to south b}' the 
Mississippi, as its principal and most imi)ortant river. 

To follow the proper rule in ascertaining, under commission, 
the true and actual source of this jn-incipal river, for geographic 
purjioses, I c()nsulte<l European an<l American geographers, 
scientists and authorities, gaining the following varied informa- 
tion as to what constituted the source of a river: 

'That the main stream of a river is that which flows along the 
lowest depression of the basin, an<l tliat a tributary which de- 
scends into it from a higher elevation, even if longer, is not U> 
be considered the main stream." 

•'A river cannot have a source but manv sources." 
''All our rivers have their source in the clouds." 
(This authority does not say that the clouds emanate from t he- 
oceans of the earth, or whence came the oceans.) 
"The head of the longest continuous channel." 
"The sources of a river which are in a right line with its 
mouth, particularly when they issue from a cardinal jioint and 
flow to the one directly opposite." 

Other authorities, some remote, an<l l»ut a few reliable, sug- 
gest that the source must be a lake; must be the largest lake; 
should be the inner flanks of the bights of the land surrounding 
it; should be the source, because it was next to the historic pass, 
by which one river had. from ancient times, been left to reach 
another; because it was furthest from the mouth of the system: 
lK»cause it led down to the :ixis of the general valley of the ba>iin: 
because it was at the head of the stream of largest volume: be- 
cause it w;is geologically oldest, etc. 

This widespread variance of authorities, good, bad and inditfer- 
ent, gave me but little comfort in an interesting geographic and 
historic rese:irch, the source of no two principal rivei*s of the world 
l)eing alike, and I arl»itrarily adopted a reliable rule of no uncer- 
tainty, a rule of nature, in ascertaining where the waters were 
gathered which form the ultimate source of tlu* >Iississippi, an<l 
for that purpo.se the length of the main river in statute miles, 
up through the valley of the basin, was ascertained from the 
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official records of the United States government an<l otherwise, 
with tlie following result: 

Miles. 

From the gulf of Mexico, at the southwest i)a88, up the chan- 
nel of the river to city of New Orleans 111.00 

From citv of New Orleans to mouth of Ohio river 905.50 

From mouth of Ohio river to city of St. Louis 182.00 

From city of St. Louis to city of St. Paul 728.75 

From city of St. Paul to falls of St. Anthon v 18.00 

From falls of St. Anthony to Winnlbigoshish lake 482.50 

From Winnibigoshish to range "MS west of fifth principal me- 
ridian* 96.50 

From ninge 86 west of fifth principal meridian to foot of 

Itasca lake 17.27 

Total 2,54(J.52 

Thus it appeared that the main river of the Mississippi ])asin 
extends from the gulf of Mexico to the Ttasca basin, a limitetl, 
jH»rmanent depression upon the surface of the earth at the ulti- 
mate* source of the river. 

The geologic and natural features j)redicating this conclusion 
are so well known and established that no reference to them 
seems necessary in this communication, excepting the |x>ssibility 
that the Missouri river, remotely suggested by occasional in- 
(piirers, might be called the main river; but inasmuch as it is a 
<H>nfliient branch of the main stream, coming in at one side, sim- 
ilar to the Ohio and Red rivers. 1 sei^ no good reason for discus- 
sing that (jiiestion at this time, nor do 1 deem it necessary to fol- 
h)w the historic data, however interesting, which has brought to 
our notice and knowledge the existence of the main river extend- 
ing from the gulf to the Tta.sca basin, where it takes its rise, for 
there can be no well-founded disagreement as to that fact, ])e- 
cause the discovery of the Mississippi, by piecemeal, is co-ex- 
tensive with the discovery of the coast line of North America, 
and the facts are indisputable, in conswiuence of which T must 
base my reply to your executive communication ujwn the facts as 
they have been found to exist at and al)Ove Tta.sca lake, which has 
be(»n for so many years recognized as the true source. To defin- 
itely determine those facts it ])ecame my official <luty to ascertain 
whence came the waters of Ttasca lake. This nHpiired a line of 



♦(The otHciul mirveyi* of the I'lilUnl StiitoH extend, u|Mm the main rivor, only to the 
point where range 86 went of the fifth principal meridian internecti* the channel of the 
river to and b«»y»n<l Itanai lake. The fractional niilen are taken from the nnrord a»* it 

exii«tt«.") 
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levels in the field with the following result, to luscertuin elevations 
al)ove the sea: 

FEET. 

Gulf of Mexico 0.0 

City of St. Louis, above the sea 384. 8 

City of St. Paul 080 i> 

Above falls of St. Anthony (Minneapolis) 782.0 

Below Pokegama Falls 1,248.0 

Winnibigoshish lake 1,203 . 8 

Cass lake 1,302.8 

Itasca lake 1,470.7 
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The official reports of the United States government give the 
elevations to and including Cass lake, and an actual line of levels 
across the country from the* railroad system of this state to itascii 
lake, run b}' me in 1881), demonstrated its actual elevation alK)ve 
the sea at its outlet. The railvvav levels connect with the ijovern- 
ment levels. 

With the distances an<l elevations thus asceitained, mv survev 
of the ultimate source of the Mississippi river commenced in 
March, 1881>, ujion the frozen surface of Ttasca lake, at the centre 
of the channel of the river, at its fhhnurhure, from the extreme 
north en<l of the lake. • 

At a remote age the Itasca basin was the l)ed of one lake. ni>w 
extinct. which I dt»em it a privilege to designate as lake Upham. 
and from this one lake, of unknown ages, by erosion, the waters 
probably having l)een increased by copious precipitation, cut their 
way through tlu* ice fornuition and alluvial stratum to a natural 
condition of the river bed, as it now exists, immediately l>elow 
Itasca lake. This process of natun\ the waters passing to lower 
levels, has given us nearly one hundred lakes and lakelets within 
the lUisca basin, systematically divided apart, each of a different 
elevation, up the inner flanks of the Hauteur de Teriv, surround- 
ing the whole, from the summits of which the waters are returned 
to the oceans, through Hudson's bay and the gulf of Mexico, the 
Itjisca l)asin itself being alM)ut seven miles long and five in width, 
and subsidiary to the main basin of the Mississipj)i. 

The formation of Itasca lake is a small liodv of Avater nt and 
nround Sclio<)lcraft Island, and three long, narrow arms projecting 
— one to the southeast, one to the southwc*st and one to the north 
— from the last of which the Mississippi passes out from the lake. 
From the southeast and southwest extremities of the lake, pictur- 
es<|ue valleys exlen<l, denominated Mary valley and Nicollet val- 
lev, resp(»ctively. and up tlu»se valleys numerous lakes exist, each 
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at a higher elevation as j'oii pass up the respective valleys than 
the one below, and each valley is drained by a running stream of 
perennial flowage, while at the side of the west arm Klk lake is 
situated, connected with Itasca bv Elk creek. 

Lines of measurements and of levels were run to and up through 
each of these localities. 

The distances are as follows: 

FKKT. 

From the outlet of Itasca to the extreme southeast point at the 

mouth of 3Iarv creek 22,0m» 

Up the channel of Mary creek to 3Iary lake 3,058 

Total 26,297 

From the outlet of Itasca to the extreme southwest point at the 

mouth of Nicollet's Infant Mississippi 17,926 

Thence up the channel to Nicollet's middle lake 8,513 

Total 26,489 

From the outlet of Itasca to the mouth of Boutwell creek 18,627 

Length of Boutwell creek 8,700 

Total 22,827 

From the outlet of Itasca to the mouth of Elk creek 16,727 

Up the channel of Elk creek to Elk lake 1,100 

Total 17,827 

These are the <mly streams entering Itasca lake worth}' of any 
consideration. The volume of water, width, depth and tlo wage of 
these several streams were carefuUv asceitained, and the larjjjest 
and most important one, at all times they have lK»en examined by 
me, in 1S8S. IHSII and ISOl. is Nicollet's 'infant Mississippi 
river,' which has been found to Ih^ the largest in volume of water 
and the larger aiul more imjiortant in every particular, with sev- 
eral iKjrennial branches augmenting its prominence alMive the south- 
west limit of Itasca lake where it discharges its waters into the 
lowest in |>oint of elevation of the several lakes there situat<*d. 

Selecting Mary valley and Nicollet valley as the two most n»mole 
water sheds within the Mississippi basin, the ordinary ruli*s of 
hydwgraphy were applied, ami it was found that Mary valley con- 
tainiHl the lesser ultimate reservoir aiul Nicollet valley the greatt»r 
ultimate; rc^servoir of the Mississippi system, each separate and 
distinct, draine<l by natural surface tlowage. Then came the ap- 
plication of nature's common ruh» as to whence came the waters 
supplying the streams draining these two ultimate water systems 
at the source of the Mississippi. 
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It having lK»en found that Nicollet valley containeil the more 
important resen^oir, supplying to Itasca lake the larger and the 
longer volume of surface flowage, 1 l>eg your indulgence in a 
minute description of this most remote and ultimate system in the 
great Mississippi basin, situated within the state park. 

The perennial stream flowing down the inner flanks of the Hau- 
teur de Terre to Itasca through Nicollet valley was discovered by 
Jean N. Nicollet in 183G. At the jXHut where its waters flow 
into Itasca lake it was fort}' feet in width and two feet in depth at 
the date of my survey. Narrowing as 3'ou ascend the stream, it 
becomes three feet in <lepth a short distance from Itasca lake, with 
an increased current. 

Piissing up this interesting stream the explorer is impressed with 
its importance by its sharply defined banks, with its winding, me- 
andering channel, deeply cut down into the stratum to a sandy, 
gravelly l>ed, with every appearance and characteristic of the Mis- 
vsissippi below Itasca lake. It has sandbars, sharp angles in its 
channel, d<H»p and shallowing currents, and all the more striking 
features of a larger river. Large trees found near its banks incline 
toward the stream; a variety of fish, large and small, were found in 
its Avaters; the mink, otter and muskrat alK)unde<l, and wild ducks 
of manv Northern varieties were from time to time noticed in its 
channel. Trees have been felled in several jilaces across its banks 
to permit of passage on foot. Ujwn the removal of these trees, 
canoes might be propelled nearly two miles up this principal chan- 
nel from Itasca lake. 

These are a portion of the characteristics of the stream, indicat- 
ing its permanency and importance, and, what is true of no other 
stream within the state park, it has three aflfluent branches flowing 
in from the hights of land to the westwanl, which augment \\^ 
importance and permanency alK)ve any other stream found there. 

These are Pemaray creek, over one mile in length, Howard 
creek, nearly one mile in length, and Spring Ridge creek, each fed 
by numerous springs, sharply indicating artesian pressure from 
the lakes higher up the flank of the Itasca moraine. At Nicollet's 
middle lake is found the northern limit of the greater ultimate 
reservoir, with the >Iississi])pi river flowing out from it toward 
Itasca lake. 

My lines of level and measurements were continued fi*om this 
point up through the trough of the reservoir to Nicollet's upper 
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lake, of (l<>ii}>tful existence, to the Mississippi Springs, Floating 
Moss lake, Whipple lake, the Trij)let lakes, Morrison lake and 
Hernando De Soto lake, the last named being the most elevated 
and distant water from the gulf of Mexico within the Mississippi 
)>asin. exclusive of watei*s emanating from the summit of the 
Rockv mcmntains at the source of the Missouri. 

Elevations alK)ve the sea at the greater ultimate reservoir are 
as follows: 

Xicollot's lower lake 1,478 

Nicollet's middle lake 1,474 

Nicollet's upper lake 1,5(M) 

Mississippi springs 1,548 

Floatin*^ Moss lake 1,561 

AVhipple lake 1,564 

The Triplet lakes 1,568 

Morrison lake 1,571 

Hernando De Soto lake 1,571 

Summits of Hauteur de Terre 1,670 

The summits of the Hauteur de Terre (hight of land), imme- 
diatelv west of Hernando T)e Soto lake, divide the ultimate waters 
of the Mississippi from those of the Red river of the North. 

The first surface* flowage in the greater ultimate reservoir is a 
tiny brook connecting Whipple lake with Floating Moss lake. 
Down the incline from Floating Moss lake the Mississippi springs 
*sen<l forth a surface channel to Nic^ollet's upper lake, while three 
hundred feet west and twenty feet lower the channel again appears 
in a continuous surface ttowage to Itasca lake, which is I>,200 
fe<^t to the north. It might be well to mention the fact that the 
head of Ho wan! creek, a small and pictures! jue little stream with 
sevend miniature waterfalls, in connection with the infant Mis- 
sissippi, constitutes the longest surface channel shown as follows: 

Gulf of Mexico to Itasca lake 2,546.52 

Thence to the mouth of Nicollet's infant Mississippi. . 17,926 
Thence to head of Howard creek 11,126 

29,052 5.50 

From Gulf to head of Howard creek 2 552.02 

Other channel distances are: 

From the gulf to the head of Mary creek 2,551.50 

From the gulf to the head of Boutwell creek 2,550.74 

From the gulf to the Elk lake 2,549.90 

From the gulf to the extreme limit of the greater ultimate 

reservoir it is 2,555.25 

From the gulf to the e.vtroine limit of the lesser ultimate reser- 
voir it is 2,553.47 



300 77//? Aw^'ncan Gi'olotjlst, NovemiK-r, \m\ 

The great river hiiviiijr now been uctimlly measured in its entire 
channel length by connecting surveys, the distances given, for 
the first time, are certainly more accurate than mere guess-work. 

Since the greater ultimate reservoir is the extreme limit of the 
Mississippi basin, and the largest, longest and most important 
stream above Ttasca lake takes its rise therein as a perennial sur- 
face drainage, 1 have reported the same to the Historical Society 
as the ultimate source of the Mississippi. 

KLK LAKE AND ITS DISl^OVERY. 

In 1830 scientist and astronomer Nicollet laid down Elk lake 
as an estuary of Itasca, l>ut since that time the alluvial stratum 
at the outlet of Itasca has been diminished by the constant flow 
of the water current until the latter lake has receded from the 
former to a lower level, and the two lakes are now connected by a 
short creek. The original discovery of this creek and of Elk 
lake must be awarded to Julius Chaml)ers, who, on the ninth of 
June, 1872, while encamped on Schoolcraft island, explored the 
shores of Ibisca, passed up the channel of Elk creek in his canoe 
to Elk lake, crossed to the southern shore of the lake, and, mak- 
ing a map of the lake, wrote: 

**Here, then, is the source of the longest river in the world in 
a small lake, scarcel}^ a (quarter of a mile in diameter, in the 
midst of a floating l)og, the fountains which give birth to the 
Mississippi. " He found the lake much larger than he at fii*st sup- 
posed. The world was notified by Mr. Cham hex's of his discovery 
in the columns of the New York Herald, page 8, July (>, 1872. 

Mr. Chaml^rs then passed down the Mississippi, from School - 
cnift island to the gulf of Mexico, in his canoe. 

The next c'xplorer to declarii Elk lake the source was A. H. 
Siegfried, who. on the thirteenth day of July, 1870, reached the 
lake, and, taking a photograph of the same, declared it to be the 
* 'highest tributary to the Mississippi, * in the columns of the 
Louisville Cofnier Jnnrnah August. 1870. 

The lake and creek were also visited in 1875 by Edwin S. Hall, 
in 1880 1)V O. E. Garrison, and in 1881 bv Rev. J. A. (rilfillan. 

t- %• 

Whatever significance may attach to Elk lake as the source, Mr. 
Chambers must be awarded the honor of a first and original dis- 
covery, to the exclusion of all othei*s, except Indians, known in 
our history, and the name 'Elk.' officially promulgated by the 
authorities of the United States, is the proper and legitimate 
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name for this bod}' of water, iicqiiicsced in by legislative enact- 
ment, and Elk creek takes its name from the lake. No one of 
the several brooks flowing into Elk lake are of any great import- 
ance, and all of them were completely closed with ice in March, 
1889, and all of them were dry in Angust of the same 3'ear. 

Geographic discoveries at and above Itasca lake prior to my 
survey in 1889, of authentic record, worthy of consideration and 
belief, are as follows: 

William Morrison, first of white men 1808 

H. K. Schoolcraft, Itasca lake 1832 

Jean N. Nicollet, Five inlets 1836 

Julius Chambers, *Elk lake and creek 1872 

E. S. Hall, government survey 1875 

Hopewell Clark, special survey 1886 

Itasca lake is at the lowest depression of the basin and Hern- 
ando de Soto, Morrison and numerous other lakes are at the sum- 
mit of the basin, ami the water pressure from the lakes aliove 
Itasca, the whole being exclusivel}' supi)lied by precipitation, 
causes a contributary inflow into Itasca lake, which is increased 
or decreased from time to time, according to the (quantity of rain- 
fall or duration of drought, as either may prevail. 

One peculiar significance is demonstrated by the fact that Itasca 
lake has a flood plain of but little more than three feet in eleva- 
th>n al)ove the natural surface of the lake. The flood plains of 
the lakes higher up are ten, fifteen and twenty feet. Thus, while 
Itsisca lake is always supplied and sometimes rises during dry 
weather, th3 lakes at tho summit dry down rapidly to a le.sser 
surface area, depending upon rainfall to resupply them. During 
the summer of 1890, copious rainfall caused lake It^isca to rise a 
foot or more above Elk lake, and Elk creek flowed into, instead 
of out from, Elk lake. The outflow of lake Pepin, thi-ough 
which the Mississippi takes its course, is controlled by the inflow, 
and lake ItiLSca presents a striking similarity. 

Infinitesimal deductions are necessarily dniwn, however, from 
ascertained facts in order to di.scover the location of the ultimate 
source. Itasca lake lies at the pit of the l)asin and rec(»ives the 
waters dischargerl into it from summits surrounding it, which in 
return pass out into the channel Inflow, forming the main water 
course of our country, to the gulf. Consefpient inferences may 

("Elk lake and crvok, discovered by Mr. Chambers in 1872, are constituted of waUtrs 
erroneonely claimed to have be«"n dl-covered in lH8i by the person referred to in yonr 
communication.) 
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therefore b(» drawn by those who still l)elieve that Itasca lake is 
the source of the river, it l)eing situated at the pit of the lowest 
depression of the limited Ttasca basin, but I know it to Ik» a fact 
that there is a greater ultimate reservoir there at the summit, anti 
it constitutes the ultimate source. 

To prevent unauthorized, erroneous and deceptive changes In 
our state map, 1 suggest that a reaume of the historical and geo- 
gniphical facts which led up to the final determination to locate 
the State l*ark at the source of our great river l)e included in my 
forthcoming report, and then, by legislative enactment, prohibit, 
within our own state, the illicit changes in the state map so assid- 
uously persisted in from mercenary motives. 

The law refpiires me to rejK)rt a detailefl chart of the park, and 
to[K>graphic field not^s for that purpose will be completed in due 
time. The map accompanying this paper is reduced from that 
prepared for the ^linnesota Historical Society. 

Wtv respe(»tfullv vour obedient servant. 

J. V. Browkr. 

ADDENDUM. 

The Itasca 8tate Park coutaius thirty-five square miles, includes the 
territory shown in the accompanying map, is singularly picturesque in 
Dature*s abundant scenery, high hills and summits, pine and balsam 
forests and deep lakes prevailing. 

The nomenclature, as far as completed, as directed by an order of the 
Minnesota State Historical Society upon a report of its committee, is as 
follows : 

<J>moskos (Klk) Sogiagon (Lake), Ojibway. 

Lac La Biche, - The French translation. 

Elk Lake, - - - The English translation. 

Itasca Lake, - - From Ver-f'^M-r/z-put. Schoolcraft. 

Schoolcraft Island, Named by Lieutenant Allen. 

Infant Mississippi, - - Named by Jean N. Nicollet. 

Nicollet's Lower Lake, 

Nicollet's Upper Lake, ! . , ^r. i, 

XT« 11 *• xr* 1 11 T«i« ■ After Nicollet. 

Nicollet s 3liddle Lake, 

Nicollet's Valley, 

Bear Point, Named by Peter Turnbull. 

TurnbuII Point, - So called by residents. 

Floating Bog Bay, - - J. V. Brower's party, 1H8W. 

Ozawindib Point, - - After Schoolcraft's guide. 

<»arrison Point, - After O. E. Garrison. 

iniode's Hill, - After 1). C. Rhodes, photographer. 

Morrison Hill, After William Morrison. 

Island Creek, - - ()p]>osite Schoolcraft Island. 
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Mary Creek, \ 
Mary Lake, 
Mary Valley, \ 
Elk Creek, 
Boutwell Creek, 
Crescent Springs, 
Elk Springs, - 
Elk Pool, 
Clarke Creek, 
Siegfried Creek, - 
Dftinaray Creek, 
Howard Creek, - 
3Ii89i8sippi Springs, - 
The Twin Lakes, 
Danger Lake, 
Ako Lake, 

Josephine Lake, 
Sibilant Lake, - . - 
Clarke Lake*, - 
Little Elk Lake, - 
Hall I^ke, 
Groseillier's Lake, ( 
Radisson Lake, ^ 
Floating Moss Lake, 
Whipple Lake, - 

Jhe Triplet Lakes, - 
Morrison Lake, - 
J>ake Hernando de Soto, 

Brower Island, 

Mikenna Lake, 

Allen Lake, 

The Pirard Lake, 

The Lesser Ultimate Reservoir, 

The (greater Ultimate Reservoir, 



After Mary Turn bull, now deceased. 
She gave birth to the first-born 'oi 
white parents at Itasca Lake. 
Named by Committee. 
After Rev. W. T. Boutwell. 
Crescent shaped. 
Named by Committee. 
Named by Committee. 
After Hopewell Clarke. 
After A. H. Siegfried. 
After Morrison's daughter. 
After Schoolcraft's daughter. 
The Committee. 
The Committee. 
The Committee. 
After Accault. A companion]of^Ilcu 

nepin. 
.1. V. Brower's party, 1888. 
Form of the letter S. 
After Hojiewell Clarke, by A.J. Hill. 
The Committee. 
After ?:dwin S. Hall. 
After first of white men to discover 

the upper 31issis8ippi. 
The ('ommittee. 
By Rev. J. A. Gilfillan after Bishop 

Whipple. 
The Committee. 
After William Morriscm. 
In honor of the discoverer of the 

Mississippi. 
Named by the Committee. 
Named by A. J. Hill. 
After Lieutenant Allen. 
After Hennepin's companion. 

Named by J. V. Brower, Commissioner. 



Itasca lake was known as **Elk lake" prior to 1h;J2. Surveyor (rcneral 
J. H. Baker, for the United States government, continued the name 
"Elk" to another lake in 1870. 

The committee of ihe Historical Society was ctmstitutod as follows: 
Captain R. Blakeley, H(m, 1. V. I). Heard and Hon. Charles 1>. Elfclt. 

Upon submitting their report of names selected, the report was adopted. 

The rule adopted by which to ascertain the source of the Mississippi 
proved most satisfactory and brought to the knowledge of the world the 
Greater Ultimate Reservoir, heretofore unknown to exist as such, 
although a portion of the lakes there nltuated have l>een known for many 
years, notably, Nicollet's lakes since 18.%, and other lakes since 187."». 
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The illBcover}' of Elk Iskf and creak was sccumplisheil in thp T'lllow- 
iog manuec: 

Jean N. Nicollet, in IWtO, fouud what la now Kik lake, to lie a i>Hrt of 
ItAHca lake, as Bhown by tiU map now of record at the city of Washiag- 
ton, from which is taken the following; 
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NJOIl.LKT'S tOtlK'E OK THE UIBBISSII^I, TRACKl) VUOM OKKIOIAI. RECOKDH 
AT THE CITY OF WASIIINllTOK. 

After the lowering of tlie river lied at the north end of lake Itaeea 
since 183U, Klk lake was left as waters gathered at one side, one foot 
higlier than hike Itasca, and after the process of nature hail separated 
the two liodies of water und formed aaliortcreek, of no great importance, 
between the two, Mr. Julius Chainliera was the flrst to discover Elk lake 
and creek, and he declared It to be "The Sonn-e" of the Mississippi, J tily 
D, 1875, and to hiwi must l>e awarded whatever honor is due therefor. 

Ills map.lflrst published by Ivison, Itlnkemaii, Taylor <& Co., is here- 
with reproduced, ]). 3(Vi. 

The re|)Ort marie to the Minnesota Historical So<;iety by its commis- 
sioner WR.1 referred liack for the purpose of having the same properly ed- 
ited for piihli<-atloii, and the same is not yet published. When publlstied, 
us a gpographlcat and iilpttorical record, it will contAin about forty-three 
cliapterx, Ihe last three of which are yet to be supplied, descriptive of 
the formation of tlie State I'ark, and liotanical and other observationii. 

The fact that formerly one large lake, with bays and islands and 
iM.-ache:', existed where now is found the several lakes at the Itasca Ijasin, 
is Iwyonil the inference of a jnere conjecture, and to future explorers 
:ind geologists nitiM be left the privilege and opportunity to locate its 
hoimdiiries and determine Its former importance: and until some further 
or more detlnite action, it has lieeu designated lake Upham by Prof. 
'ieo. n. Alton and .1. V. Brower. 



' 'if fi"' MiiM'XKijipi R'l-ir. — lii-oiri'i: 



Tlie importance iif the several strcanii Howiog into lake Itaxca la 
leugtli, depth, width aad tlowage is an rollows: 



SKETCH MAP 
" ITASCA LAKE REGION 




■ <'».tMIIRK's DISCOVBBV. 

Fii-tl -Xlcollet'H Infant MlaHtsBippt river, also nailed by hini the 
•■(^radlfd Ilerculps." Date of diHcoverj-, 1880. 

Hettind — Mary ciyek. 

2'Ai>((--Blk creek. DiBCovt-red by .Iiilius ChamlierB in 1872, wlien be 
<lei:lan'd it ta be tlie MIbbIbbIpiiI river. 

Fovrth — Boutivcll creek. 

f'iflA— Jslanil creek. 

■S/j/A^Creek at Floating Bog bay. 

Srrnith — Small creek at extreme southirext iK>li>t of Itasca lake. 
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Careful observers will note the importance of the greater ultimate 
reservoir, containing twenty or more lakes, at an elevation above lake 
Itasca. These lakes impregnate the earth with water and numerous 
flowing streams abound as a natural result, Itasca lake and Klk lake 
each drawing its supply from above with the following difference in 
peculiarity: Itasca lake receives all the waters flowing down from the 
summits, while Elk lake receives and discharges less than one-half. 
The creeks entering Elk lake are completely frozen in winter and have 
been found to be dry in summer. 



EVIDENCES OF A GLACIAL EPOCH IN NIC- 
ARAGUA*. 

By J. CitAWFoni), Managua, NirarutiTiui. 

None of the mountain ranges in Nicaragua rise to the altitude 
of the frost -line, and r)nly four have pe^ks whose highest apexes 
are 0,500 (one 6,700) feet alx>ve the Pacific. Tiie average alti- 
tude of the Cerros in this country is about 2,S00 feet, and won hi 
not awaken a suspicion that any of these mountains liad ever 
been deeply covered with ice. At the present time the night 
temperature on the summits of the Cerro Pen a Blanca during the 
season when the trade winds arc moving eastward, is fretjuently 
as low as 12° Cent, and occasionally 8° Cent. 

The western or lake region of Nicaragiui, the only pail alK)ut 
the gcH)logy of which an}i;hing relia])le has, until recently, l)een 
known, appe^irs to have l)e^n formed of materials ejected from 
volcanoes which were active during all of the Quaternary, and at 
least parts of the Tertiary and of the Recent epocht. 

But we find PinuH xt/lvenfris and some other cold climate coni- 
fei-s, dwarfisii or attaining medium size, on some of the highest 
mountains of northern Nicaragua, and retaining, with some mod- 
ifications, the distinctive features of their more northern tyi>es. 
In at least one valley of those Cerros is a large deposit of the 
petrified bones of Tertiary, and probably earlier period mammals 
and reptiles, as Etephas, Ursula^ MftrhfiirmfaM. etc., and across 
that vallevt, at the foot of a canon, are small hills, having long 

♦The publication of thin artick', receIv(Ml in Man-li his«t, hai* Immmi unavoi(1al))y rlciaytMl. 

tl have not found "Miocene sands," "Miocene gastropods," nor other 
evidences of the Miocene In western Nicaragua, such as liave been 
described by others as occurrinir tliere. See Proceedinirs of the Victoria 
Institute, 1870. 

JThe valley of Sebaco, lat. 12 40 N., long. 85 58' W. The petrified 
l)ones are 50 to 100 feet beneath the surface, in sand and i>artly hardened 
sediment. 
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comieoteil rklgt»s oom|)osoil, so far as examined, of irregularly 
mixed an^ilar and rounded rocks of various sizes, together with 
smooth and rough-edged i)eb))les, ola3'8 and sands. 

As we look from the valley of silicified liones. across the un- 
assorted de|K>sit«, up the canon, and along the sides of the 
mountains to the dwarfwl pine trees growing between the rocks 
on the crest of the Cerros. we are led to imiuire how and when 
these habitants of a colder climate were intnxluced to this half 
tem|K>rate, half tnipical latitude, and when and how this canon 
was excavated and the una«soi1:<?d deposits were formed only a few 
miles bey<md it« lower end. The facts seem to indicate a greatly 
increased elevation and a much colder climate at some former 
epoch. 

Tn 18S0 and IM), during reconnaissance conductt^d for the 
government of Nicaragua, the writer discovered evitiences which, 
taken in connection with others previously discovered, strongly 
indicate a Glacial ejMwh in this country, synchronous with that of 
the United States and Canada. 

Some of these evidences are here presented. 

On the top of the monogenetic series of mountains known in 
various parts of its extent as (-erro Yalli, Cerro Jenotega, and 
Cerro Pena Blanca, following an irregularly sinuous line from 
about lat. 1H° 25' N. and long. 87° W. to alumt 13° 80' X. and 
84° 55' W. *, are sevend mesas, the largest, but not the highest, 
of which, is near the e4istern termination of the series, and is 
named Mesa Turcos. The top of this me^a has an area of aliout 
twenty scpuire miles of metamorphic rocks, gmnite or gneiss pre- 
dominating, across which, and diverging nearly at right angles, 
are three shallow valh^ys, each al)out one mile wide. They l)egin 
near the centre of the mesa and gradually widen and deepen till 
they reach its nearly [)erpendicular sides. One, which extends 
southeastward, is the hy<lrographic area for the larger inimlx^r of 



♦All these liearin^ arc magnetic. This mountain system is south of 
that supposed to he referred to In Prestwlch's (Geology, edition of 1886, 
vol. I. p. 204, ami designated **No. 25, System of Segovia. Cosefiuina 
and Cape Gracia-a-Dios." Cosequina is a volcano on a point of land 
which it has formed that projects into the Pacutic ocean at the bay of 
Fonseca, and could never have formed part of the mountain system 
evidently referred to in the excellent work quoted. That system ex- 
tends from lat. V\ 22 N., and long. 87' 5' AV. mrthe4nii(^nrd toward the 
Gulf of Mexico and terminates about lat. 14 50' N. and long. 84 52', 
magnetic. 



the head-water creeks of the Rio La Seiljeta. whose waters, 
emptying into the Rio Tooma, and thence into the Rio Matagalpa, 
enter the Caribl)ean sea. Near the centre of this valley a caiion 
liegins abruptly and dcHjpens as we follow it for alM)ut three miles 
to the edge of the mesa, where it attains a depth of about 225 
feet. The canon is about 400 feet wide at top and sixty to sev- 
enty-five feet across its floor. The waters of a small creek, named 
Chomeha* which rises at the head of the vallev, rush down 
over a few small cascades and falls, near the almost precipitous 
head of the canon, to two vertical falls of considerable hight. 
At the first of these, the water drops about forty feet into a basin 
perhaps ten feet in depth and a hundred and fifty in breadth, 
formed in a fiat granitic or gneissic ledge, and from this basin, 
through a channel about fifty feet long, a foot wide, and three 
inches deep, to the edge of the ledge, where it makes the second 
fall, or one of about 160 feet, into a basin in the metiimoqihic 
floor of the caiion. Flowing thence southeastward!}', the stream 
descends rapidly, often over falls and cascades, through the nar- 
row rock- walled canon, for about two miles, to a valley alongside 
of the Rio Seil)eta. Along the sides of this canon are man}- 
strange and beautiful forms of smooth-faced rocks, some pro- 
jecting tlieir oval surfaces for a few feet at right angles to the 
face of the cafion and extending for several yards parallel with 
its direction, others car\'ed out into long intaglios. Above the 
falls and during the dry season, the stream doej* not exceed two 
inches in depth by fifteen feet in width, and its hydrographic 
basin does not embrace over five square miles. In that part of 
the valley are found many nioiUonned masses of granite and 
striated and polishe<l masses and large flat loose rocks striated 
from one and a half to two inches deep in lines parallel with the 
fiow of the creek. 

Near the termination of the canon in the lower or river valley, 
and extending across the valley to the Rio Seibeta, are several 
mounds and hills composed, so far as examined, of unstratified 
deposits of clays and sands containing rough and smooth- edged, 
large and small rocks and pebbles, indiscriminately mingled. 



♦C'liomeha, as I learned from some old Indians of the Turcos and 
Amerriqiic tribes, is the name of a goddess of the aborigines, now 
sometimes Invoked by the very small remnant of these once large Indian 
tribes. 
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From each hill there projects, in the direction of the Rio SeilK»ta, 
a ridge, apparently composed of the same materials as the hills*. 

Another valley extends eastwardly from near the centre of 
Mesa Turcos, and is the head of the hydro|a:raphic area, whose 
waters flow throngh the Rio Tnngla cPrincapnlka,"' on the gen- 
erally wmsulted Init very incorrect maps, baileys, (»tc. , of this 
i'onntr}^) into the Caribbean sea. 

This valley also has a canon cut out in it, the stream com- 
mencing in small cascades that continue in series for al>out two 
miles. Some of these series have a fall of from three to twenty 
feet. This ciifion is cut down through rock for nearly two hun- 
dred and fifty feet l)efore entering an elevated plain of oval- 
Ijackeil rocky ridges formed on the eastern l>oun<lary of the mesa. 
Smootli oval-surfaced areas and deeply striated masses of rock 
iire frequently visible in and near the IxmI of the small stream 
which flows thnmgh this valley and canon. Only a few scattered 
hills and ridges, but partially examined, were composed of un- 
assorted deposits of l)oulders, rock-fragmenti*, sand and clay, 
but these, in some parts of the ridges, were cemente<l together. 

The third shallow vallev on Mesa Turcos is the head of the 
watershcnl of several creeks which flow northward and then north- 
eastward through Rios Bokay and Segovia (''Wanx" or •'Coco") 
into the Caribbean sea at (^ape Gracias a Dios. At alK)ut a mile 
from its head, it divides into two canons, in which, at short in- 
tervals, occur series of cascad<»s. These caiions, like those pre- 
viously mentioned, continue to increase in depth and width, hav- 
ing, where they leave the granite or gneiss and enter the highly 
incline<l later strata, a <lepth of about 125 feet, and thence deep- 
ening until several hundred feet deej) l>efore reaching the lower 
foot-hills. The width of each canon, while in the granite, is at 
top al)Out 2(K) feet, and across the bed about forty feet, increas- 
ing locally to seventy or eighty. Tn the later formations, they 
widen mpidly, maintaining nearly perpendicular walls, and their 
channels resolve into labyrinths of passage-ways between numer- 
ous columns and smooth-edged Ijoulders some fiftec^i foet high, so 
intricate that, during an examination made, accompanietl by two 
Indians, in one of these labyrinths, several passage-ways were 
unsuccessfully attempted and much time was lost in trying to get 

♦DoubtleHS these would be designated "moraines'* in Minnesota, New 
York, or Canada. 
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out of the phice. lioth eanouH. in their northeasterly exteiiHion. 
obliciuely bisect two ''Icxies," resjK*ctively eight an<l twenty-one 
feet wide, of westwardly strike, dipping at an angle of alxMit 
;15° (megnetie) north, and containing gold, sulphides, and arse- 
nates in a gangue of fragments of (luartz. taleo-slates, chlorite 
slates, iron-elav slates, etc. ; the walls are diorit^ and diabase. 
Aljout one hundivd miles to the northeastward is a dejK>sit of 
colored marbles, intei*sected by the Rio Segovia, and alx)Ut the 
same distance eastward and fifti»en miles north of the Indian vil- 
lage of Wylo-was (on the Rio Tungla), is the southeastern end of 
the ricii gold placet's of Princapulka, terminatetl by a small 
cerro of CarlK)niferous limestone*. 

On the Pacific ocean side of the dividing range of Cordilleras^ 
in Nicaragua, the mountuins terminate in a large mesa, namtnl 
TotumV)hi, whose summit area embraces alK>ut nine s([uare miles: 
and across this, from north to south, is a shallow vallev about 
tw<» miles wide on which are exposed at several places large massc*^ 
of r<K*k having smooth rounded surfjices, and measuring fifty to 
two hundred feet long. Some of tht»se masses are i)olished. 
Near the edge of this valley are numenjus fiat, striated lK)ul<iers 
and loose striated ri)cks of local origin. The most numerous 
stria? are parallel with the general direction of the vallev. The 
locality of this mesa is al)out lat. 12° 42' N. and long. S5° 55' 
W. Its altitude above the Piicific Oi*ean is:5,2r)0 feet. It is coni- 
|K)sed of gni»iss and other r<K*ks of the Kozoic series — all meta- 
morphosed. On the margin of the summit-plane of this mesa 
are many peaks fifty to two hundred feet higher than that plane 
and connectcMl nearly continuously by high ridges. On the inner 



*The generally 8uperrtcial exaoiination of this Mesa Turcos, the val- 
leys at its sides aiitl on Its top, and the deep canons, wtis not easily made. 
This locality is fully one hundn'<I miles from any human residence an»l 
in a dense, pathless, mountainous forest. In the valleys the vines and 
huahes were often so thick as to reciuire cutting, step by step. Conse- 
quently we could take but very few tools, ropes, instruments, etc , with 
us, and all our provisions were carried on tlie backs of Indians. The 
scenery (when twice only we found mountain peaks with forests so 
thin that we could get a long wide vista) is almost incomparably beauti- 
ful. In some places on the sides of the cerros and in the lower valleys, 
groves of tall, large maliogauy, sapote, nispero, Spanish cedars, walnuts, 
and liquidambar trees, standing as living columns encircled with vines, 
are covered with their own bright foliage, and with vines, mosses, and 
epiphyllous flowers; while at other places orchids and ferns and fiower- 
ing plants or bushes, iu great variety are numerous and some of them 
very large. 



or table-laiul side of oiu» of these peaks, on the nrulhwest margin of 
the mesa, there nearly precipitonsly begins a eailon in the gneiss 
1,1 ()0 feet deep and ai>out 1,500 feet wide at top and fifty to one 
hundre<l across its usually dry bed. Near the head of this canon 

ft ^' 

and about *J20 feet below its ridge-like upper margin, is an oyal- 
r(M)fed cayern three to six feet high, eight to fourteen feet >yide, 
and extending into the rocky side of the canon in a direction per- 
pen<licular to the cancm's axis for oyer two hundred feet. This is 
a laccolite, haying one of its ends broken or ero<led off and this 
<>\w\\ end obscured by l(K)se rocks. Access to it down from the 
ti)}) of the mesa or up from tlie In^ttom of the canon is very diffl- 
<'ult. This canon enters the yalley on the mesa alnnit one mile 
from its southern margin and then descends in falls, cascades, 
and mpids oyer the steeply inclined si<le of the mountain to the 
yalley of the Rio A'eijo. For alM)ut the first two miles of its 
length, there is no water, saye in the brief rainy season. The 
small stre^im in the yalley into which this canon enters flows 
through or down the Rio Veijo into lake Managua and thence 
through lake Nicaragua and the Rio San Juan del Xorte into the 
Caribliean sea. thus forming in its route an arc of alK>ut two- 
thirds of a circle and of seyeral hundred miles, instead of flow- 
ing westward from the mouth of the Rio A'eijo, through a flat 
country, into the Pacific ocean. At the lower end of this canon, 

ft 7 

as it enters the yalley of the Rio A'eijo, are numerous hills and 
knolls, many of them haying long conni»cted ridges that extend 
far into the yalley. Those examined, and probably all of them, 
are composwl of irregidarly mixed, unstratified rocks, days. 
l>ebbles and sanils, cemente<l in some phices by in)n oxi(U»s and 
elsewhere but partly hardeniHl. Across this yalley, in a crescent 
formed by the Rio A'eijo, is the large deposit of petrified lK>nes 
4)f Cenozoic (and i>ossibly s<mie of them Mesozoic) mammals and 
reptiles preyiously referred to in this papi»r. 

Between the town of Ocotal and the yillage of Depilto, eight 
miles distant from each other, in the Department of Nueye Seg- 
oyia, at alnMit hit. i:5° XV N. ami long. 80° and :52' W,. are 
found such apparent eyidences of glaciers' work*, as striated 



♦The late Thomas Belt, F. R. S., in his "Naturalist in Nicaragua," 
second edition, declares these to be moraines and considers them indis- 
putable evhlences of a Glacial Epoch here. When I made tlie examina- 
tion of that locality I did not know that he had previously been there. 
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boulderH, deposits of sands, clays, |)el)l)les, and rooks, geiiemlly 
appearing to ])e uiiassoile^l; hut in some parts they appear strati- 
fied, not as deposits made by recent floods, having well defined 
lines of separation, but as if made interruptedly and at the same 
time with the other large masses of (so far as examined) unas- 
sorted deposits. These moraines* are at the confluence of the 
three rivers, ^^egovia, Depilto and Maculeso whose aggregate 
hydrographic areu is about eight thousand square miles. My 
notes, made after several examinations at intervals during a stay 
in that part of Nicaragua of aljout four months, state tliat possi- 
bly a large portion, if not all, of these deposits are moraines. 

Several large knolls and small hills are found north of the vil- 
lage of San Rafael del Xorte, in the department of Matagalpa, at 
the southwestern foot of the Cerro Yalli, alK)ut lat. 13° 20' N. 
and long. 8G° W. , each having extensions of from one hundred 
and fifty to six hundred yanls long, declining into the Rio San 
Rafael del Norte, composed, so far as my examinations extende<l. 
of the unassorted, unstratified fragments of rocks and [pebbles, 
some rough, othei^s smooth-edged; all eml)edded in sands and 
clays. In some places the clays, in others the sands are in excess. 
These deposits were first disco vere<l by the late Thomas Belt, F. 
R. S. , and described in the second editicm of his '-Naturalist in 
Nicaragua.'' publisheil within the past few years in London. He 
declares them to bi^ moraines, which if discovered in Canada 
would unquestionably be so considered. Cerix) Yalli, at this 
locality, is tall and hiis steep sides, but the hydix)graphic are^i is 
comparatively large, and although 1 found no narrow, deej) ra- 
vines in the side of the mounUiin near these de[iosits of \\\\- 

I believe it was Ids only trip (and one of only u few days) to this locality, 
distant for more than three or four leagues, from the mines near 
LaLibertad (that he superintended for a few years). He was a quick 
and close observer, but was hurried on this trip and did not note, prob- 
ably, the large hydrograpliic area of tlie three rivers, Segovia, Maculeso 
and Depilto which unite, in this locality, their rapid currents. 

♦I had doubts at)out these bein«; moraines, until two months ago, wlien 
for tlie first time and only for a few liours, I had opportunity to exam- 
ine the work of the late Thomas Belt, referred to in foregoing note. 
1 believe Mr. Belt was correct in designating these deposits moraines. 
My doubts occurred because we are sometimes liable to mistake de- 
posits made by water for those made by ice, unless after extensive ex- 
cavations, etc.; also, because the water-shed of these three rapid rivers 
is <iuite large, and in flotxl times tliey transport large boulders for lon«r 
distam^es, and, because there are (»\ id^'uces that a part, if not all, of that 
vallev has been overflowed. 
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stratified materials, 3'et T could not persuade myself that the 
rocks, pebbles, clays, sands and pieces of lignite composing these 
hills, knolls, and ravines had been transported to and deiK>sited 
in this valley by water. 1 found, it is true, many loose boulders 
at various places on the side of the mountain, too many, T 
thought, to remain in such places after a glacier had moved over 
them ; but, j)ossibly those lM>ulders were deposited by some melt- 
ing ice-sheet. 

Other evidences in the Nicaragua of a (llacial epoch, subsetiuent 
to the Pliocene, have been discovered and examined by me, but 
none found to be so distinct and impressive as those herein de- 
scribed. 

ITydrographic ciiarts, made by l>oth the U. S. Coast and Geo- 
detic Survey and the British Admiralty, of soundings of the 
Caribl>ean sea, from the coast of Nicaragua east to the Atlantic 
ocean, show (besides the bed of one, or possibly two, old lakes or 
inland seas whose present beds are 1,000 to 1,1)00 fathoms Mow 
the present surface of the sea) long, deep, wide holes in the bed 
of that sea, at intervals from the principal (really the old Plio- 
cene or ante-Pliocene rivers) mouth of each of the Rios Kscon- 
dido (Bluefield), Matagalpa (Grande), Tungla (Princapulka) and 
Segovia, which holes are traceable eastward to the western margin 
of the Atlantic ocean, or to about 60° west longitude on the east 
side of the Antilles, indicating that the channels of these rivers once 
extended out fifteen hundred miles further than at present. 
These sub-marine fionls are now nearly filled up by debris of 
brachiopods, cephalo[)ods, moUusks, etc., and in tjie shallow parts, 
by corals. The average depth of this sea is aliout 5,500 feet, 
but if we consider the two very deep places as lakes existing in 
the early Tertiary period, then the average depth of the Carib- 
l)ean sea is le^s than 5.000 feet, or, less in depth than the altitude 
at present above its upper surface of several cerros in Nicaragua. 
The deep holes in apparent continuation of the former channels 
of some of the old rivers that emptied from Nicaragua into tiie 
Cariblx^an sea indicate, in connexion with the facts relat(»d in the 
foregoing part of this pa[)er. that yrent elerafion oHtr own r ml in 
that hititudv, and (oralitt/ suflicient to have raised, far above the 
surface of the water, almost all of the l)e<i of the (^iribljean sea, 
and to have extended the mountains in the central part of Nica- 
ragua far up into zones of snow and ice, pro<lucing a (Srlacial 
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opoeh. There are ntoUs and barrier reefs in that sea, which, in 
all pn>bal)ility. are (continuations by corals, upward, at the rate 
of sea-bed depression, or subsidence of the tops of mountains 
that now are the sub-marine, but once were the sub-at?rial parts 
of the Xicarajjuensian continent. When elevation had com- 
pleted its work here, it is probable that subsidence deeply sub- 
merjreil the present Isthmus of Panama. 

No river flows from the deep, concave western side of Nicara- 
gua into the Pacific ocean of sutficient size to l»e consi<lered a 
factor in connection with this subject. 

The fort^going facts indicate: 

(a) That, at least, two or thrin* mount^iin ranges in Nicaragua 
wen* deeply covere<l by ice during a Glacial epoch contem\K>rane - 
ous with that which existed in the North American continent. 

(1>) That at that time there was, because of great elevation of 
land and sea-})e<l, a Nicaraguensian continent extending eastward, 
a]x)ut fifteen hundred miles further than at present, over the 
northern and middle part of the area now occupied by that part 
of the (^iribbean sea eastward from the Nicjiragua coast, to the 
Atlantic ocean at about the 60th meridian west from Gn^enwich. 

(c) It is probable that the submergence of the Isthmus of Pan- 
ama was then sufficient to allow a large part of the south equato- 
rial current (which now carries so much heat to northern latitudes) 
to pjuss into the Pacific ocean. 

(d) Cosmic conditions, as irregularity in the amount of heat 
from the sun, ecjuinoxial precessions, variations in the excentricity 

,of the earth's^ orbit, and extreme variations of the magnetic 
north and south i)oles, may have lK»en factoi's: but the two latter 
were certainly of very moderate efl'ect in producing a Glacial e|K)ch. 
Great elevation of land appears to have l>een the potent cause in 
Nicaragua. 

W) The movements of elevation and sul>sidence appear to have 
been more rapid in this country, than in latitu<les many degrees 
further north, and more frecjuent and vigorous in Glacial and 
Recent times. 

(f) It is (juite probable that the extiMisive fracturing and fissur- 
ing during the early Glacial or late Pliocene epoch gave rise to sev- 
eral additional volcano(»s along the western part of Nicaragua 
and added vnrietv to the scenerv of mountains clad in ice in the 
central part. 
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ON CYCLES OF SEDIMENTATION. • 

J. Lawtox Williamh, nonu'llHvillo, N. Y. 

The fact of cycles of sedimentation is well known to strati- 
graphical geologists. The following table, from Dr. Alexander 
Winchell, is a good illustration of what is meant by the term: 

Table OF Cycles of J>ei)L\iextatiox. 



Pnlneozoic 

Syntems 


Coarse 

Fra^ineiitai. 


Fine Fra^ientaL 


Calcarwius. 


Cak-areo- 
Frajfmental. 


(.'arboniferoii*«. 


Parma 

Coii«rl(>inerate. 


Coal Measures. 
(Broken Into 
small e|)o<'h. ) 


Laramie 

Limestone. 


Permian. 


Lower 

Car)>oiiifprt)nH. 


Waverly SandMtoiie 
(Marshall Pliat*e.) 


Waverly Sandstone 
(Chouteau Phase.) 


Mountain 

Lime^tone. 


False Coal 
Measure;.. 


D«»voiiiKn. 


Orlfkaiiy 

Sandstone. 


Srhoharieiirlt. 

NIairara Shale 

and Clinton. 


Coruiferous 
Limestone. 


Hamilton 
andChemnnji; 


Siliiriiin. 


Meilina SandHtone 
and Onefda 
Conjfloiuerate. 


Niagara 

Limestone. 


Salina. 


Cainbriuii. 


Potsdam. 


Calciferous and 

Chazy. 


Trenton 

Limestone. 


Cincinnati. 



While these divisions may be somewhat artificial and hrbitrary. 
they seem to illustrate the general fact of a definite sequence in 
sedimentary de[K)sits. Similar relations have ])een observed in 
the strata of Great UritaiiL Mr. Hull (Quart. Jour. Sci., July, 
1869,) niak(^ a triple rather tluin a quadruple sulMlivision: 1st, a 
lower stage of sandstones, shales and other stnlimentary dei>osits, 
representing prevalence of land with downward movement: 2d, a 
middk stage, chiefly of limestones, representing piwalenc^e of 
sea with general quie*icence and elalK)ration of calcerous organic 
formations; 3d, an upper stage, once more of mechanical sedi- 
ments indicative of proximity to laud. 

The identity lK»tween this and Winchell's tal)le is apparent. In 
both we may l)egin with a given stratigraphical structure, and, 
after passing thrf>ugh a definite succession of intermediate struc- 
tures we again encounter one like the first. We are to l)ear in 
mind, however, that this succession is not a rigid one. Often- 
times we meet with intercalatecl l»eds which have no representa- 
tives in the other mem1x»rs of the series. Besides, there are wide 



3 10 Thf' AlHf^rlam GeohMjluf, November, IWl 

variiitions in the relative thickuesHcs of uiuilogous betls, and in 
the aggregate thicknesses of different cycles. The facts with 
which we are impressed, however, arc not the minor discrepancies 
and apparent anomalies, but the broad general fact of a definite 
sequence. And the conviction becomes irresistible that such a 
sequence, must be referred to a periodical recurrence of certain 
fundamental phenomena concerned in the evolution of our planet. 
These phenomena may be considered under two heiids in relation 
to this sul)ject: Ist, immediate causes: 2d, remote causes. The 
immediate causes are evidentl}', (a) the elevation and subsidence 
of land areas, (b) meteoric conditions affecting the rate of erosion 
of these areas (c) the mutual reactions of these sepanite forces. 
Tn the remote causes we must seek for an explanation of the 
yiti'lmlicAtji of upheavals and subsidences. It is clear that with a 
given surface of the earth's crust, an elevation of a iK)rtion of 
land must either result in a depression of some other |K)rtion of 
land or of the sea lK)ttom. Let us supj)ose an elevation of land 
to take place which results oidy in a depression of the sea bottom. 
There will then 1k» a smaller surface of the waters of the globe 
exposed to the evaporative influence of the sun. Other things 
tH^lual, there will, consequently, be a diminution in the amount of 
precipitated moisture. This will necessitate a diminution in the 
amount of erosion and atmospheric disintegration of the emergent 
areas, pn)vided the rainfall l>e equable. But the amount of 
erosion depeiuls not only upon the quantity, distribution and 
periodicity of rainfall, l)Ut also upon the angle of slope of the 
land subject to erosion. The effectiveness of erosion varies 
directly as some high power of the velocity of the eroding fluid, 
and tiie velocity is a direct function of the sine of the angle of 
slope. So that the diminished precipitation due to a diminution 
of tlie water surface might be more than counterbalanced bj' a 
dispro|)ortionate increase in the angle of slope, in the final results 
of erosion. Let us assume that in a given instance this was 
actually the case. Then the great angle of slope would necessi- 
tate a precipitous fall of torrents. .Suppose the slope is such as 
to double the mean velocity of a given volume of water falling in 
a ijiven interval of time. Then, whereas formerlv this same 
volume of water transported to the sea fragments whose dimen- 
sions may be represented bj' 1* or 1, now it will transport frag- 
ments of 2® or (U, since the transporting power of a fluid varies 



iis the sixth i)ower of the velocity. (Hopkins Q. J. Oeol. Soc. 
VI 11 p. 27.) These last will have a size relative to the first as 
small cobble-stones to gravel. Now let us suppose the process of 
ei*osioii continues. The coarse fragments will be polished and 
rounded by their journey to the sea, and will l)e deposited in a 
soft matrix of mud and finer pebbles as a conglomerate. The 
largest fragments will be deposited first, and. with the wearing 
away of the slope, and conseipient diminution of the angle 
Df slope, the size of the pebbU»s of successive <leiK)sit8 
will be smaller and smaller. Finally, when the angle of slopt> l)e- 
comes such that the velocitv is one-half what it was at first, the 
.size of the fragments will be 1 inste^ul of 04. Such fragments 
will Ijecome a sandstone or shale according to circumstances. At 
length the land will l>e entirely eroded away. Meantime the sed- 
iments dei)osited along its shores will have accumulated to a vast 
Hlepth. This jiccumulated weight will necessitate a submergence 
to restore the e(piilil)rium of surface pressuit>s (Babbageand Prof: 
Jas. Hall). The deposits will sink to a depth which will \h} con- 
genial to the development of vast populations of corals, crinoicis 
iiWiX other lime-secreting organisms. Here they may continue to 
build through a long succession of generations, the incn^ment of 
weight due to their accumulation pnxlucing just enough submer- 
gence to maintiun a proper level for their growth (Darwin). A 
vast deposit of cnide limestone will be the result. This is pre- 
cisely the succession found in the table at the lieginning of this 
article. Conglomerate, sandstone and limestone are repeated 
•over and over again. In the preceding discussion we have 
iissumed the simplest conditions imaginable; an eminence of land, 
a given elevation subject to no oscillations of level during the 
long |)eriod of time while it is worn <lown to the level of the sea, 
iin e(|uable and uniform (puintity of precipitation, and a suffi- 
cient weight in the accumulated sediments to effect a sul)sidence 
when the destruction of the land was completed, and. finalh', a 
subsidence deep enough and not too deep to be favorable to the 
growth of lime-secreting organisms. 

It is astonishing to see how faithfully these ideal condi- 
tions have l>e(»n refK^atedl}' realized as reconle<l in the Pal- 
jeozoic rocks of North America. And it is perfectly cou- 
•ceivable how a variation of these ideal conditions might lead 
to the discrepancies and anomalies already alluded to. \Ve 
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aBHumed a uniformitv of meteoric conditions, liut such a uniform- 
ity is impossible from the very nature of the other conditions 
assumed. For when the land has a great elevation the moisture 
precipitattHl upon it will assume the form of snow and ice which 
will inaugurate various climatic changes. As the land is worn 
away there will In* a greater surface of water exjx>sed to evapora- 
tion, and this will react ui)on the quantity of precipitation. Again 
the disappearance of lan<l will allow oceanic curn»nts to pursue 
new channels which will directly react upon climate and indirectly 
upon precipitation. Finally the land will in most cases lie subject 
to oscillations of level which will relict uj>on climate in a complex 
and indirect way, an<l u|K>n the rate of sedimentation in a direct 
wav. Any one of these variati<ms will interfert* with the uniform- 
ity of the c^'cle, and when several of them an» concerned simul- 
taneously it will be correspondingly complex. So much for the 
immediate causes. In the remote causes we must seek for an 
explanation of the pvriodlcitif of upheavals and subsidences 
which have given rise to cycles of sedimentation. 

For our present puriK>8es it will not be necessary to enter into a 
discussion of the causes which have <letermined the existing con- 
figuration of land areas. Without doubt. Prof. Darwin's appeal to 
astronomical influences suggi»sts a general explanation of the leading 
facts. Also Dr. A. Winchell shows (World Life) how the lunar 
tides duruig the earth's early incrustive stages would impress 
meridional lines of weiikness. The subsidence of the earth's 
e(|uatorial protul>eninc<» due to the secular diminution of its rota- 
tional velocity would wmspire to a like result. When such linen 
of weakness are once establishe<l every contniction of the crust 
<lue to the radiation of internal heat will give rise to rugosities 
along those lines, and these rugosities once establislu»d will tend 
to grow with every increase in the lateitil pressure. So much for 
the generalities. Hut there are certain special and very reuiark- 
al)le phemmiena which these hyjiotheses <lo not take into account. 
Such are the periodicities of upheaval and subsidence which have 
given rise to cycles of sedimentation. ^lallet has argue<l in 
another connection that the contnwtion of the earths crust dueto 
secular cooling would by the crushing of the rocks give rise t4>a4i 
enormous (luantity of heat, and that this crushing would take 
place after long intervals of (juiet, during which inter^'als the 
tension necessary to pnxluce the crushing would be generated. 
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DouhtleHs here is one exphiiiatioii of the periodicity of (Ustiirb- 
unces ill land are^us. There are others. Dr. Croll has shown how 
the precession of the ecpiinoxes combined with variations in the 
eccentricity of the eartli's orl)it must give rise to a secuhir recur- 
rence of periods of refrigeration. When winter in one hemisphere 
occurs in aphelion and the eccentricity^ is a maximum, the polar 
regions of that liemisphere will be covered with a cap of ice, and a 
climate of arctic severity will prevail. ^leanwhile the other hem- 
isphere, l)eyond the expuitor. will have a torrid climate. This 
state* of affairs will continue until the precession of the etjuinoxes 
shall reverse the conditions. Then the other hemisphere will 
suffer refrigeration and a tropical climate will dispel the ice-cap 
from the first. Dr. (.^n)ll shows how these changes wouhl cause a 
shifting of the earth's centre of gravity toward the pole which 
sustained the ice-cap, and thus the oceanic waters would rise on 
that hemisphere and deluge the land. Thus each hemisphere 
would undergo alternate phases of submergence coincident 
with the alternate i>eri(Kls of refrigeration. This oceanic 
oscillation, Dr. Croll argues, acc<mnts for the alternate l)eds of 
c^al and shale so chanu^teristic of the Coal Measun»s in all parts 
of the worhl. (Climate and Time. ) Here then we havt» another 
clear cass of periodicity. T would add in this connection that 
movements of the internal fluid arising from changes in the cen- 
ter of gravity, would, by virtue of the superior momentum of 
the central heavier masses inaugurate a moti<ui which would churn 
the lighter peripheral fluid into the mountain arches and crevices, 
in some cases simply pniducing elevation, in others, giving rise 
to igm^uis eruptions upon the crust. If the interior of the earth 
lia<l the rigidity of steel, a shifting of the centre of gravity would 
nevertheless lower the peripheral pressure on the far hemisphere, 
|>erhaps thus pn^hicing liquefaction. This might admit of lava 
outflows, and. in fact, evidences of such occurrences are not 
wanting in |K)lar regions. Moreover, such a shifting of tlie 
earth's wuitre of gravity, even if ever so slight, might propagate 
spherical waves piissing outward and imparting terrific impulses to 
the crust. Such waves would bring into contact different chem- 
ical elements separated before by their relative si)ecific gravities, 
and this would promote intense calorific effects which would react 
upon the crust. It is possible that the rise of sea level, due to 
the ice-cap, would depress the sea-lH)ttom and thus elevate the 
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hind by tlie su|>erad(leil weight acting tangeutially towanl the 
shores. In the opposite hemisphere a new w^uilibrium would 
establish itself by the elevation of the sea-lK)ttom and depression 
of the land. This would, in some degree, neutralize the relative 
ditferences of lan<l and water anuis to which the shifting of the 
seas would give rise. It is to l>e reniembt^red that the intense 
pressure at the iK)les during periods of maximum glaciation 
would precipitate cnistal convulsions when the contractile tension 
due to the radiation of internal heat should have become suffi- 
ciently greiit. These complex factors would all come into play 
periodically with the i)eriodic recurrence of suitable astronomical 
conditions. 

There is yet another cause of periodicity which has cx*- 
curred to me. In the deeper parts of the ocean, the hydn>- 
static pH'wsure must be enormously gi*eat. This pressun* must 
force water very deeply into the ix)cky interstices of the ocean's 
floor, perhaps so deeply that its permeative power by capillarity 
is vastly increased (l)aubree ideologic Kxix«rimentale. ' p. 274). 
This water coming in cont^ict with the heated rocks of the deeper 
crust would be vaporized and would also facilitate the evo- 
lution of explosive gases. These expansible products would precis 
with tremen<lous force against their inclosures. and the crust 
would slowly yield to the irrc»sistible pressure. This cnistal 
movement would continue for a time until the original interstices 
should have swellcHl out into fissures sufficiently wide to admit 
the expansive products to escape as fast as they were formed. A 
period of (quiescence, so far as this force is concerned, would then 
ensue until the gaps weiv filled in with sediment when the pnx^ess 
would again Ije renewed. If the erosion of the land during the 
period of ([uiet were just sufficient to fill up the gaps we would 
then have the ideal conditions suggested at the b<<ginning of this 
article. It should be rememlx»r(Ml that the expansive force here 
considered would have a powerful tangential comiK)nent which 
would react landward in each direction tending to produce 
continental upheavals. Such movements would cause a sub- 
mergence of the ocean's bed, and this bed would be still 
farther (h^jiressed l)y the supemddi»d weight of the inrush- 
ing waters. Thus there would be an indefinite reciprocal 
action l^etween the two initial tendencies, each elevation intensi- 
fying its correlated depression, and each depression augmenting 
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the already existing elevation. This reciprocity of effects wouUl, 
however, be antagonized by at least three counter- tendencies: 
1st. the earth's tendency toward sphericity due to the combined 
action of gravity an<l its rotational movement. 2d, the rapid re- 
adjustment by erosion which would eiLsue from such enormous 
differences of level. !Jd, the disturbed equilil>rium of the inter- 
nal fluid which normallv will assume concentric shells with den- 
sities inversely proi>ortional to the distance from the centre. All 
the.se would opi>ose the distorting forces here contemplated ( and 
all others producing like effects), and confine the surface move- 
ments within rigid limits. Here it should be Ijorne in mind that 
when the upheaval and conseciuent expenditure of mechanical 
energy is great, the energy assuming tlu* form of hent (due to 
crustal friction) is proj)ortionately diminished, so that the result- 
ing evaponition of oceanic watei*s, and, hence, the violence of 
wati»ry precipitations is diminished, but. so far as erosion is con- 
eernexl this loss is offset by the incrciused angle of elevation of 
continents. T am convinced that the heat generated b}' crustal 
friction is an im|)ortant factor in the processes of erosion: for, 
when developed in emergent land, it will increase the chemical 
effe<*tiveness of atmospheric moisture coming in contact with it, 
and thus accelerate disintegration. Where, on the other hand, 
it is developed in the ocean's bed it will heat the cold i>olar cur- 
rents there, part of it ]>eing thus conveyed to the i»quatorial 
regions there to augment evaporation, and part of it will pa«s 
directly by convection to the surface pixiducing a liki» effect. In 
the reciprocal elevations and subsidences heretofore alluded to 
the heat of friction (and consequent evaiK)ration resulting in 
erosion), would Ije developed (m a prodigious scale. This would 
promote the rapid leveling mentioned aljove. 

Thus it appears that by an appeal t4) physical principles 
we can explain the fact of peritKlicity in the cycles of sedi- 
mentation as a result i)f several independent forces. While 
we cannot hope in any given instance to refer a partic- 
ular upheaval or subsidence to a specific category of causes, 
yet we may rest assured that one or several of these causes 
have l)een operative either isolated ly or conjointly in produc- 
ing the varied effects. Doubtless minor local disturbances 
are referable in some cases to purely local causes, although 
we should not trust too implicitly to such an interpretation. He 
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tliis lis it mtiv. tiiere Heoms to be goo<l reason for referring gen- 
eral and widespread movements occurring during pn>tracte<l in- 
tervals, like those which took place on all the contments during 
the Carboniferous age to general causes. We have stated liefore 
that Dr. CroU refers the movements of this epoch to alternate 
periods of refrigeration on the northern and southern hemi- 
spheres, such periods favoring the formation of an ice cap. and 
thus, V)v changing the earth's centre of gravity causing a rise of 
waters on the refi'igerated hemisphere. No doubt this may ex- 
plain the fact of differences of consecutive strata, but it does 
not solve the prol)lem of cyck^ of seilimentation. and it appears 
to me that a diminishing angle of slope in the wasting land under 
uniform conditions of precipitation is the only adequate solution. 
But even this does not explain those gnmder divisions of geologic 
time like the Paljeozoic, Mesozoic, and Caenozoic. We may 
supi)ose that movements like the upheaval at the close of the 
Lower Silurian, in the Permian, or in Tertiarv times were either 
the expenditures of accumulate<l tensions created by contractions 
in the earth's crust, or a contem|)oraneous action of this with one 
or more of the other forces enumenite<l heretofore. 

Such a peri<Hiicity of major events separateil by long intervals of 
time and inters perscjd by minor commotions harmonizes with the gen- 
eral hypothesis of a cooling and contracting globe. We would 
infer that in earlv times when the crust was thin, the radiation of 
heat was much more active than now. and general, fieripheral 
convulsions were of frecpient occurrence. But owing to the thin- 
ness of the crust it could not sustain any verj' marke<l elevations 
without a rupture and outflow of molten matters within. Such 
outflows, if copious, would oblitemte any existing differences of 
level, and refuse the parts of the crust which were crumpled in- 
. ward. This process wouhl of necessity continue until the crust 
should have attained a sufficient thickness to sustain the eleva- 
tions impressed upon it. Assuming that this was the order of 
events we would expect that elevations would take place along 
lines of weakness (see <n«^'); that the major contractions would 
])e co-simultaneous on different parts of the globe, that the older 
mountains would have a smaller elevation than those that were 
formed later: and. tinallv. inasmuch as the rate of radiation of 

ft 

internal heat sustains an inverse ratio to the thickness of the 
crust, whereas tin* resistance to flexure sustains a direct ratio to 
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that thiekneHS, we would exjxK^t that the epoelis* between succes- 
sive general disturbances wouhl Ik» progressively longer as the 
cooling of the interior advanced. On this hypothesis, other 
things ecjual, the Palaeozoic >eon l)etwt»en the Lower Silurian and 
the Pennian would be shorter than the Mesozoic. an<l this in turn 
shorter tlmn the Cainozoic. But while these <leductions seem 
well founded, we should be exceedingly cautious aln^ut applying 
them t<K> literally owing to the manifold and intricate aspects of 
this problem. There seems to l»e good ground, however, for 
accepting the general views here set forth. A general synchronism 
of crustid movements is but a con)llarv from the doctrine 

ft 

of the identity of geological formations on different parts 
of the glolje. The later forme<l mountains were undoubtedly 
colossal compared with e^irlier ones. We have ])ut to compare 
the (irreeu mountains (making due allowance for sulisequent 
erosion) which wen* uplifttnl at the end of the Lower Silurian 
(Dana) with the Rockies, Andes, and Himalayas of Tertiary times 
to realize the greater etfectiven(>ss of orogenic forces with the aug- 
mented thickness of crust. While we seem forccMl to admit a 
genenil synchronism in the movements of continents as shown in 
the Eocene period, yet a close parallelism in the cyclers of stnli- 
mentatiou should not be expected. (Mrcumstanc<*s too numerous 
and complex to Ih» here considered would motlifv in endless ways 
the minuter adjustments and readjustments of land and sea. But 
this absence of parallelism does not at all invalidate the general 
doctrine of cvcles of sinlimentation. 

ft' 

Here it wouhl be interesting to iH)int out the relations' 
subsisting lK»tween cycles of s<»dimentation and geological 
faunas. A priori we f(H»l sure that intimate connections 
must exist between th(» two, an<l the general facts of palae- 
ontology seem to sustain the inference. The modifying in- 
fluences of such cycles must have i)rof()undly affected the 
development of animal types. But we are t<K) ignorant of 
the laws of life to speculate upon the imnhis opennuli of such 
development**. We can conjecture this much, however, when 
the elevation of the land is greatest, the <lenudation is most ener- 
getic, the roily waters will then flow farthest out into the sea, 
and only mud-loving animals will frecpient the neighlx>rhoo<l of 
the shores. Their remains will be imlHMlde<l in the resulting con- 
glomerate. AVith the diminution of erosive activities new con- 
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ditioiis will prevail iii luljiiceiit seiin, and a ditfen»nt class of or- 
ganisms will inhabit their Avaters. AVlien the land has disap- 
peared altogether, the waters will 1k^ clear and well suited to the 
growth of lime-secreting animals. Thus there will \w a cycle of 
living forms corresponding to eitch cycle of sedimentation, but 
owing to the long duration of those scMlimentary cycles, and the 
mutabilit}' of animal ty|M»s, the cycles of life will iiirely if 
ever repeat themselves in consecutive cycles of sedimenta- 
tion. 

In conclusiiui we may say that the general fact of cycles of 
sedimentation is well est^iblished. They are best explained as- 
resulting fmm the secular elevations and ditferential rates of 
erosion of land areas. The elevations must have lieen periodic. 
This periodicity was due to other secular phenomena of a more 
general and fundamental character. The following are the most 
important of those phenomena: 1st. The secular cooling and con- 
sequent contraction of the earth's crust. 2d. The alternate 
occurrence of peri<Kls of refrigeration at the northern and south- 
ern hemispheres due to astronomical events. lid. The generation 
and expansion of gases and vajjors at the lK>ttom of the se^s- 
resulting in crustal disturbances. By the independent or united 
activities of these several forces then* have resulted periods of 
profound and universal disturbances occurring at widely removwl 
intervals of timi*. While those intervals have Iwen marked bv a 
prevailing (luietude. yet there was a continuous succession of 
minor disturbances relateti in some complex way to those same 
general forces, which have givtui rise to cycles of sedimentation. 

Juhf .^S, J SOL 



EDITOJUAI. COMMENT. 



The study of geology is no light and easy task. Robert Mal- 
let once wrote that to be a geologist a man must first be a i*hem- 
ist, then a physicist, and lastly a mathematician. (JtH)logy can- 
not be mastered by reading the literature of the science, interest- 
ing and important as it is. Nor can the alternate loading and 
discharging of a few pages <»f a school or college text lK)ok make 
a geologist, (^eologus nascitur. non tit, is a true parody of the 
original. No man can Ik» a geologist unless the .stuff is in him. 
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But p<)sseH8ing th'iH he yet needw careful training. At the name 
time the subject is so large and the field so wide that scope is 
afforded for great variety of mental power and habit. The re- 
flective mind can find ample room to usefully indulge his s|x*cu- 
lative tendency if he only keeps within the limits of reason and 
judgment. The obsen'ing realistic mind will be perfectly at 
home in a pmctical iK>rtion of the science. Nor are the graces 
of literary tniining foreign to the subject, for the power of the 
geologist to present his favorite theme to others is often and 
vastl}' helpeil by it« possession. The stonemason of Edinburgh 
would never have become the Hugh Miller of geology and litera- 
ture had he lacked his elegance and power of diction and illustra- 
tion. 

But for success in any field of the science hard and continuous 
lalx)r and thought are rtHpiisite — es[jecially thought. Pondering 
on the pmblems In^fore him and working them out in <letail, 
whether in th(» field or the studj', makes the geologist. To realize 
by the aid of a scientific imagination the past and the lost of the 
e^irth's history, to conceive of the destroyed as still in existence, 
and to estimate an<l weigh the changes resulting from its destruction, 
all this involves a power of vivid nu»ntal imagery not posse^ssed 
bv manv. 

(ireat geologists therefore have bc^en and still are rare. .Men 
who can gather up the work of others and focus it with their own 
in some grand generalization as Agassiz did for the Ice-age, n<»ver 
will l)e numerous. But the rank and file of the geological army 
is not to l>e despised because e^ach one cannot b(» the great com- 
mander. Every one can contribute to the victoiy if by patient and 
careful drill he will fit himself for the work that geology demands. 

And this work is the investigation of the problems that lie at 
his own d(H)r. County gef>logy, township geology and even the 
geology of smaller areas are the topics with which most must con- 
tent themselves. There is scarcely a c<^)unty or township between 
Maine and Oregon, between Minnesota and Mississippi that does 
not affonl enough problems to employ all who desire to work. 

•' But what shall I studv? At what shall T look?" are the 
usual remarks. Are tluu*e fossils within your reach? Then 
make an effort to secure all the siK»cies that occur there and learn 
to distinguish each one and every single part of each one so as to 
have a critical accpiaintance with them. Are there none? Then 



stiKlv the river and stream. Why i1<x»h this stream flow here and 
that one then*? Has the present jiosition lK»eu determined by the 
lianlness and softness of the straUi or by some other cause? 
Haye the highlands l)een elevated or are they merely relies of 
larger masses tliat have lK»en ero(ie<l? To what giH)logical era do 
the rooks of the county l»elong. and for what reason are thej' 
jwcril)ed to tliat (hite? 

Tliese are a few samples of the problems lying Iwfore the local 
geologist and his attempts to solve them will give him more geo- 
logical knowle<lge than the remling of all the textl)ooks or the 
committal of their pages to memory. 

1 have seen men who knew nothing of lMH)k geology, who 
couhl not tell whether the Silurtan or the CarlM)niferous strata 
were the older. an<l who did not concern themselves with the 
tlu*oretical questions that ilivide the geological world, but who 
were nevertheless, in my < opinion, trained an<l educated men. who 
could reason closely and severely from their <lata. and whose 
(pieries, suggested by experience, often puzzle<l leamwl geologists 
who heard them. Such men are too scarce. 

I <lo not undervalue study of a wider kind. Let all who can 
enjoy it. But when it is out of reach let none sit down and say 
"1 cannot study geoh)gy. " 

Such men as descril)ed al)ove are often the life and soul of 
local societies, and it is ivom their careful and constant work that 
these societies derive a great part of their value. Tt) ])oth we 
look for great and increasing results in the future. 



EEVIEAV OF RECEIS'T GEOLOGICAL 

LT^I^EEATUPvE. 



On the Vertehmtafrom thr Tertinry and (■ rctuceoun Hocks of thv X. W, 
Tenntorif.—E. 1). CorK. (Geol. Sur. of ('anada, Vol.3 [Quarto], 1801, pp. 
2r>, 14 pis.) In this part (I) Prof. Cope (lescribes "The Species from the 
(^>liirooene or I^ower Miocene beds of the Cypress Hills." The material, 
from which these species are described, was found In a bad state of 
preservation, the bones being much broken, which is accounted for by 
the fact that the formation from which they were derived is conglom- 
erate of a (luartzitic nature. The beds are somewhat older than the 
White River beds of Dakota, which accounts for the presence of 
l[emijmil(»don. Five new species of tislies are described, Amia irfnt- 
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f tiff nan ff, A, iintcronpondi/la^ lihiufstes rhft^is^ Amiurn* f^tncellatKS, A^ 
Maconnefitiy the three latter being somewhat doubtful; a new testudinous 
reptile, Trionyx U*untpotumicH$ is also p:iven. A number of mammals 
are also described, Menodus being the principal. It is surprising to note 
the almost entire absence of the Oreodonts, only one tootli having been 
found. 

The Britinh Tertlnry ErhinoifJ Faunns ami thrir Ajfinities. — J. W. 
Grfxjory, F. G. S. 45 pp. I fig. in text. (Proc. Geologists' Association, 
London, Pts. I and II, 1891.) This is a most important memoir, cover- 
ing, as it does, the entire Tertiary fauna of the British Isles; the work, 
however, is deficient in illustrations of the new species described. 
There is reference to two plates, and it is presumed that they will appear 
with the next number of the Proceedings. Six new species are de- 
scribed of which four are from the Eocene. According to this author, 
there are 7 genera and 14 species from the Eocene, 1 1 genera and 21 
species, of which 9 are KcJiinui^ from the Pliocene, and five genera and 
seven species, of which 8 are Eehinun^ from the Pleistocene. The author 
concludes that the cause of the small number of British echinoids is 
due entirely to climatic and lithologic conditions; in the Cainozoic, the 
British seas were cold and free from reefs, both conditions unfavorable 
to the growth of ecliinoids. The author also favors the view that a bolt 
of shallow water connected the south of Europe with America during 
the Cainozoic. A bibliography is appended in which are cited 41» 
authorities. 

TJui Menipzoic unil Tertinry TnnecU of Xne South W^ahs, — R. Etiiekid4;k, 
Jun. and A. fS. Oli.iff, 14 pp., 2 heliotype plates. (Memoirs Qeol. Sur. 
New 8o. Wales, No. T, 1890.) There are but few Tertiary insects (hardly 
a dozen) known from the Australian continent, therefore this contribu- 
tion is particularly timely and important. There are described two new 
genera {Mesoatifimoileva^ belonging to the ttiuxWy Jhipre^tiiUtKn^ PirUtolycu9 
belonging to tlie family Jj^nnpyridif^ both Coleoptera) and five new 
species. 

On the Omfeolof/y of Po'hroth:i'ium,--^\, B. S<*(»tt, Princeton (Jour. 
Morpli. Vol. V, No. 1, .June, 1891), pp. 74, 3 pis. and figs, in text. This 
learned author's '^Contribution to the Phylogeny of the Tylopoda" is a 
beautiful illustration of systematic work. lie first gives some interest- 
ing examples in evolution and then takes up the Pohroihvrimn, which 
he is better able to des<-ril)e than any other person, not only on account 
of his well known ability so to do, but also by the fact of the posses- 
sion of an almost complete skeleton: this skeleton having been discov- 
ered l)y that indefatigable collector. Prof. W. F. Magie, upon the ground 
which a few months later (in 1890) was made memorable by the Indian 
outbreak. This skeleton, together with a number of other parts, has 
enabled Prof. Scott to render this important contribution, and the 
thorough study of Pobrothcronn is indicated by the large number of 
pages devoted thereto. There is, however, one fault to be found with 
this paper, viz: the method of giving references, which are numbered, 
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and refer to the end of the paper, whereas it would seem much better 
and would afford easier reading, to have the usual foot references. The 
author says Protohhu is tlie connecting link between PrtH:<tmelu« and 
Piuhrotherinm^ this latter being also the forerunner of the llamas as well 
as the camels. We thinks the two species of Prorameins, P, oc4^identalu 
and P, fniffusddenM, the starting points of the llamas and camels re- 
spectively. Leptotraffuhut is the forerunner of the White River Pcthro- 
therlam. The Bridger Ilonuirodon is connected with PaiUftUsten on theone 
hand and Leptotraguluj* on the other. "If these conclusions are correct, 
it follows that the Tvlopoda are but remotelv connected with the true 
ruminants.** The points in which the modern camels agree with the 
ruminants and which are absent in the Pipbridfuarifnn have l)een inde- 
pendently acquired. The monograph closes with a bibliography of 
thirty-four contributions to this and allied subjects. The three plates 
are magnificent expositions of the art. 

7%' Tndor Hpecinttn of Koz4>on. J. W. Gkegouy, F. G. S. (Quart. Jour. 
Geol. Soc. Aug. 1801.) After a thorough examination of this specimen 
of Kfpzoon from Tudor, Hastings Co.. Ontario, the author of this paper, 
supported by many authorities, comes to the already foregone conclusion 
that it is not of organic origin. It is further stated that the rock containing 
the specimen is not, as has been previously descril)ed, Lower Laurentian 
but "Huronian" of Selwyn and Vennor. 

Sionen for Building and ] )tr oration^ by GEOWiE P. Mkukill, Curator 
of Geolog}' in the United States National Museum, Gctavo, pp. 458. 
New York. John Wiley «& Sons, 1891. All <iuarrymen and builders 
who use stone will welcome this volume. It is the first of its kind in 
America, and it will certainly serve a very useful purpose in the quarry- 
ing industry. Quarrymen and stone users are ver}' apt to lie ignorant 
of the mineralogy and geology of the rocks they handle, and the crudest 
notions concerning them are frequently current. In this volume the 
composition and other natural ({ualities of all the building-stones of the 
country are set out plainly in simple and non- technical, yet in accurate, 
descriptive, language. This will afford the information that is so badly 
needed by the ordinar>' builder, and will disseminate otherwise a more 
tliorough and scientific knowledge of stone. Of course the scientific man 
does not look into such a work for anything new in science. It is not 
addressed to such, but it contains many generalizations an<l summary 
statements in convenient form which will make it also verv useful to 
him in reference to those portions of the subject with which he may 
not be personally familiar. It is a compendious dictionary of the pro- 
duction and distribution of stone for construction and decoration in tlie 
Knited States, and also contains chapters on the weathering and preser- 
vation of building-stones, and on their comparative qualities. No one 
has had ampler facilities, and certainly no one could be better fitted for 
the production of such a work than the curator of geology of the 
United States National Museum, where samples of all the building- 
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stones of the country were gathered through the agency of the census 
^f 188<). 

A)inmil lieport, Oeoloffiod Sarcey of Arhuuma^ 1K88, Vol. tv% J. (\ 
Bkanner, state geologist, Little Rock, 1891, contains: The geology of 
Washington county, by F. W. Simondh, and A list of the plants of 
Arkansas, by J. C. Branner and F. V. Coville. The report on Wash- 
ington county is very full. The county embraces a complete section 
across the Lower Carboniferous rocks (Chester, St. liOuis, Warsaw, Keo- 
kuk and Burlington) to which the name ** Mississippian^' is applied, after 
the recommendation of the late Dr. A. Winchell. In like manner the 
Coal Measures of the state, represented only by the basal portion — the 
Millstone grit — is named Pennsylvanian on the authority of Prof. H. S. 
Williams. 

MetliAuCi Monthly^ published at Germantown, Philadelphia, by Thomas 
Meehan «& Sons, is devoted to general gardening and wild flowers, but it 
IS much more than a gardener^s paper, being strictly scientific, and con- 
veying much general botanical information. 



LIST OF RE(.^ENT TUBLICATIONS. 



Foreign Puhliealions, 

Surface straining of the earth in relation to the deep phenomena of 
volcanic action. T. Mellard Reade. (Geol. Mag. Aug. 1890.) 

Perche<l rocks near Austwick. T. Mellard Ueade (Geol. Mag. July, 
1891.) 

On the Killary bay and Slieve Partry Silurian basin, also notes on the 
metamorphic rocks of northwest Gal way. G. Henry Kinahan, (Pro. 
Koy. Irish Acad. 3rd. Ser., Vol. I, Xo. 5. ) 

On the Drifts of Flamborough Head, (4. W. Lamplugh, (Quart Jour. 
Geol. Soc. Aug. 1891). 

VI. Sronttjic I^ihorofort'tM and Mumnnitu, 

Bulletin of Denison University, Vol. VI, parti, contains; Some obser- 
vations on the crushing effects of the glacial ice-sheet, W. (J. Tight. 



GOERESrOIS'DE^S CE. 



New Ze4fUuul iJUwien, — Th«? glaciers of Mount Cook (New Zealand) 
:are not a whit behind those of the Alps in some respects. The longest 
is longer than the longest in the Alps. Then for one ton of superficial 
moraine matter the Alpine glaciers carry, the Mount Cook glaciers must 
carry five hundred. The Mueller glacier is a mile in width, and for its 
lowest three or four miles is completely buried umler a load of stones of 
aU sizes, from that of a railway carriage downward. I got about 8,000 
feet up Mount C-ook, and I think would have attained the summit if I 
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would have spared auother week. It will probably bo surmounted iu a 
year or two, as young New Zealanders are getting to get a pride in it, and 
it will be much easier now, as a "Chalet" has just been completed well 
up the Ilochstetter glacier and will aiford a convenient base of operations. 

Although then* ie evidence in old moraines, old high lake levels, and 
the like, of a former enormous e.xtension of the glaciers, there is, strange 
to say, hardly any equivalent of the till or boulder clay marking an ex- 
tensive moraine profonde. 

On this subject I may say that when in Adelaide (South Australia), l 
went with professor Tate to Hallet's cove, in Spencer gulf, to see his 
glacial markings. Much discredit lias been cast on these, but with all 
the assurance derived from having mapped glacial stria* in Scotland for 
ten years almost daily, I recognized these as genuine and unmistakable. 
There was just as little doubt that the ice which made them moved from 
south to north; let the fact be explained as it may — whether the motive 
lay in a high land now submerged, or in the heaping up of ice round 
the south pole. In the latter case the ice should have impinge<l on 
other parts of southern Australia and on New Zealand. The marking 
may not have been recognized because of the prevalence of soft Tertiary 
rocks unlit to retain impressions, or perhaps because the idea would 
seem absurd. Robeut L. Jack. 

ToitnuriUr^ f^m'* nnland^ Any. 5, IsOl. 

Mr. CusifiNCi AND THK Mi'iR Glaciek. — In the very instructive and in- 
teresting paper by Mr. Gushing in the October number of the Amkrican 
GKOi/>fii8T I was specially attracted by his remarks upon p. 221 upon 
the slight changes of level which seem recently to have taken place at 
the head of Muir inlet. One indication of the varj'ing phases exhibitcni 
by the front of Muir glacier is found in the buried forests described by 
Mr. Cushing on the east side. During the summer of 188C, when I waj^ 
there, those l)uried forests were not visible. Nor dhl we observe upon 
the east side any instance of the ice overlapping the sand and gravel, 
though we saw abundant instances of both phenomena ui>on the west 
side. In recurring, however, to a report of Mr. Jjamplugh who visited 
tlie glacier in 1884, I find that his attention was attracted by the overlap- 
ping ice on the east side, and the oflicers upon the steamer told me of 
having seen buried stumps at low tide in the same vicinity. Evidently 
tln' annual changes going on at the front of the glacier, especially upon 
the east side, an* very nipid and marked, and it would be well if arrange- 
ments could he made to have them accurately noted from year to year. 

I think Mr. Crushing is probably right in his criticism upon my ex- 
])lanation of the burial of the forests upon the west side of the inlet. My 
suggestion was that "the dying glacier" had pushed eastward during a 
periiHl of general advan<'e, so as to obstruct the drainage through Muir 
Inlet, and certainly the position of the moraine upon this singular glacier 
looks as though it were an offshoot from the larger ice-stream that at one 
time tilled the west fork of (^lacier bay, coming down from mounts 
Crillon and Fairweather. Mr. (.'ushing*s criticism is also supported by a 
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fact which I mentioned but did not fully consider in my theory (see Ice 
Age in North America, p. 61), viz: tliat there were remnants of a buried 
forest on the south end of Headland island, which is below the "dying 
glacier." 

A slight modification of my theory, however, would meet this difficulty, 
namely, that the ice-stream coming down the w^est fork of the glacier 
was for a time predominant, and pushed along so far in advance of that 
which enters the east fork as to obstruct the drainage of Muir inlet, and 
allow the accumulation of sand and gravel which wo now find above the 
forests. 

While there is nothing in the way of supposing a slight subsidence to 
have occurred sufficient at least to carry down the buried forest on tlie east 
side below tide level many facts wliich have been brought to my observa- 
tion recently in England make me hesitate about bringing into the theory 
so large a cause for so small an effect. It has seemed to me that possibly 
those forests upon the east side, liaving grown upon an insecure founda- 
tion, may have slightly shifted their position, and that, as the inlet has 
l*een deepened by the active erosive agencies at work, there may have 
been a slight slip of extensive portions of the soil upon the east side, 
so as to carry the buried forests below the sea level. It is possible, also, 
that this lowering of their level may have been brought about with little 
or no lateral movement. The occurrence of a bed of quicksand upon 
which the forest strata rested may have suffered the foundations to be 
undermined through the action of springs, and thus brought about a 
local sudsidence sufficient to account for all the facts. 

Mr. Cushing's presentation of evidence bearing upon the changeability 
of the conditions about the eastern sources of Muir Glacier seems fullv 
to justify his criticism of my remark that these forests may have existed 
before the Glacial period itself. In connection with further study of 
the region I wish attention might be directed as soon as possible to the 
glaciers which enter the western fork of the bay, tliat we might learn 
whether the changes taking place there are correlated with those upon 
the Muir glacier. G. Fukdeuick Wiught. 

Oberh'n, Ohio, Oct, 10. 



rERbX)XAL AND SCIENTIFIC NEWS. 



Thk I^NIVERSALITV OF (lOLD. Aliuost everv cubic yard of 
granite, or in fact, of rock of any description, contains from mere 
traces to often appreciable quantities of metallic gold intermixed 
amongst the materials forming the rock. Also, it is a scientific 
fact, and one which has been proven b}' many actual experiments, 
that, for every avoirdiiiX)is ton of water in the entire l)ulk of the 
ocean, there will average aljoiit two gniins of gold. Or, in other 
words, there will be found alx>ut two grains of gold in the form 
of a chloride of gold, in every ton of sea water, whether taken 
from the surface or at the lK>ttom. And. therefore, there are un- 
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told niillions of dollars of gold held in solution by the waters of 
the ocean, which have lK»en dissolved out of the rocks of tlie 
earth l)y tlie action of heated alkaline waters containinjsj silica, 
that have slowly leached and percolated their way throughout the 
crevices and porous substances of rocks, dissolving out the infin- 
itesimal particles of gold. The primary source of the gold found 
at the surface of the earth is found to be in the earliest azoic 
granite : and from these granites it has l)een altere<l and formed over 
and over again through all the succeeding geological horizons to 
the present period. Or. in other words, the gold of the ancient 
Archean granites formcnl during the cooling of the earth's cnist, 
lias In^en dissolved and precipitated and re-dissolved and re-pn*- 
cipitated. over and over, throughout all the rocks of the earth's 
strata, from the very earliest Azoic to the most recent Quater- 
nary period. Therefore gold may be sought for in ever}- geologi- 
cal horizon; and has thus l)een found in more or less paying 
<[uantities from the very earliest rocks, up to the recent alluvial 
and drift formations. However, in those veins of quartz which 
are found in the Cambrian and Ijower Silurian strata, gold, in the 
metallic state, intermixed amongst the quartz, is found in far 
greater commercial quantity, than in any other of the preceding 
<n subsecjuent geological horizons. Wherever gold has l)een 
found in very large quantity in either vein or placer form, it has 
IxHMi found to l)e either in a Cambro-Silurian series of siatv rocks 
iind (juartz. or else has resulte<l from the immediate decomposi- 
tion of those rocks. Dr. Willis K. Evkrette. 

TifK Cali'met and ITecla Mine is now worked at a depth on 
the lode of over 4.(MMI feet with an extent in length of alxiut 
two and one-half miles. This mine is operated by fourteen 
shafts, one of which is a six-compartment shaft, now sunk to a 
perpendicular depth of al>out 2, 500 fi»et ; and which when completed 
will be u[>ward of 5.000 feet deep. The aggregate power of the 
steam plant in use and under construction is some 87,500 horse 
l^ower. including one engine of 4,70() horse jMnver and eleven 
other engines of an average of 2.000 horse ix)wer each. The 
stamp mills of this mine contain IS improved Hall steam stamps^ 
making from 05 to OS l)lows per minute and crushing alK)ut 4,500 
tons of rock of the lode in twenty-four hours. The three pump- 
ing engines have an aggregate capacity of 50.000.000 galhms in 
twenty-four hours: while another triple expan.sion pumping en- 
gine, now lU'arly completed, has alone the capacity of 60.000,000 
ij:allons in twentv-four hours. Besides the two sand wheels forty 
feet in <liameter capable of elevating some 10,000,000 to 18,000,- 
000 gallons of water and 1.000 tons of sand per day, there is 
nearly comi)l(^ted another wheel fifty -four feet in diameter, de- 
signed to elevate :J0,000.(MH> gallons of water and 8,000 tons of 
.sand i)er day. 1>R. M. K. Wadsworth. 



APPENDIX. 



A CATALOGUE OF THE PAL/EONTOLOGICAL PUB- 
LICATIONS OF JOSEPH LEIDY, M. D., LL.D. 

By John Eyerman, EaHton, Pii. 

Dr. Henry C. Chapman in his "Memoir of Joseph Leidy, M. D., 
LL.I)." (Proc. Acad. Nat. Sci. Phila., 1891, pp. 342-388) gives a fist of the 
recorded publications of this celebrated anatomist, in Which there are 
no less tlian five hundred and fifty-three communications, principally to 
the Proceedings of tlie Academy of Natural Sciences of Philadelphia. 
It is a noteworthy fact that nearly one-half of these communications 
relate to vertebrate pabi'ontolog}'. Dr. Chapman's complete bibliog- 
raph}' exhibits the wide range of thought, which Dr. Leidy enjoyed in 
the natural Sciences. At the conclusion of liis memoir. Dr. Chapman 
pays this high tribute to his friend. "Possibl}' no country ever produced 
•*a student whose knowledge was at once so accurate and comprehensive. 
**IIe was an excellent mineralogist and botanist without claiming to be 
**oither, among the highest living authorities on comparative anatomy 
''and zoology, one of the most distinguished hclmintliologists living and 
•*tlie equal of any palivontologist at home or abroad.'- 

1. On the Fossil Horse of America. Proc. Acad.* 8, 184G-47, pp. 
262-60. 

2. Additional Observations on the Fossil Horse of America. Proc. 
Acad. 8, 1847, pp. 262-6(J. 

;J. On the new Genus and Species of Fossil Rumiuantia, Poebrother- 
ium wilsoni, Proc. Acad. 1846-47, pp., 322-26. 
.3a. Id. Ann. Nat. Hist. I, 1848, pp. 889-92. 
8b. Id. Am. J. Sci.t V, 1848, pp. 276-79. 

4. On a new Fossil Genus and Species of Kuminantoid Pacliyder- 
mata, Merycoidodon culbertsonii. Proc. Acad. IV, 1H48-49, pp. 
47-50. 

o. Tapirus americanus fossilis. Proc. Acad. IV, 1848-49, pp. 180-88. 

6. On Khinoceros occidentalis. Proc. Acad. 1850, p. 119. 

7. Observations on two pew Genera of Mammalian Fossils, Eucrota- 

l)hus jacksoni arid Archivotlierium mortonl. Proc. Acad. V, 1850- 
51, pp. 90-94. 

5. On some Fossil Mammalian Remains. I*roc. Acatl. V, 1850-51, pp. 

M. On a Fossil Tortoise, Stylemys nelirascensis. Proc. Acad. V, 1850- 
51, pp. 124-26. 

10. On Fossil Remains of Ruminant ungulates from Nebraska. 
I^o<'. Acad. V, 1850-51, pp. 287-89. 

11. On the Fossil Remains of Balaena pahi'atlantica and B. prisca, 
from the Miocene formation of Virginia. Proc. Acad. V, 18.50-51, 
pp. 808 9. 

*Proc<»«dlngH of tho Academy of NHtiinil ScIimici*!., Philii. 
♦American Journiil «»f 8t'Jence, 
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12; On some Fossil Reptiliau aad Mammalian liemains. Proc. Acad. 
V, 1850-51, pp. 325-30. 

13. Description of a new Species of Crocodile from the Miocene of 
Virginia. Jour. Acad.* II, 1850-54, pp. 135-38. 

14. On the Osteology of the Head of Hippopotamus and a Descrip- 
tion of iho Osteological Characters of a new Genu8 of Hippopot- 
amida\ Jour. Acad. II, 1850-54, pp. 207-24. 

15. On BathygnathuH borealis, an Extinct Saurian of the New Red 
Sandstone of Prince Edward Island. Jour. Acad. II, 1850-54, pp. 
327-30. 

16. On some Fragments of Paloiothorium proutii. Proc. Acad. 1851, 
pp. 170-71. 

17. Report upon some Fossil Mammalia and Chelonia from Nebraska. 
Smith. Rept., 1852, pp. 63-65. 

18. Remarks on a Fossil Vertebra from Ouachita, La. Proc. Acad. 

1852, p. 52. 

10. On the Osteology of Hippopotamus. Proc. Acad. 1852, pp. 52-53. 

20. On Fossil Tortoises from Nebraska. Proc. Acad. 1853, p. 59. 

21. On two Crania of Extinct Species of Ox. Proc. Acad. 1852, p. 71. 

22. Reference to a Fossil Tooth of a Tapir. Proc. Acad. 1852, p. 106. 

23. Remarks on the Fossil Ox. Proc. Acad. 1H52, p. 117. 

24. Remarks on some Fossil Teeth of a Rhinoceros from Nebraska. 

Proc. Acad. 1852, p. 2. 

25. On a Fossil Turtle from Nebraska. Proc. Acad. 1852, p. 34. 

26. On a new Species of Fossil Delphinus and a New Saurian, 
Thoracosaurus grandis. Proc. Acad. VI, 1852-53, p. 35. 

27 Ursus amplidens, a new Fossil Species. Proc. Acad. VI, 1852-53, 

p. 303. 
28. On some Fossil Cetacean Remains. Proc. Acad. VI, 1852-53, pp. 

377-78. 
20. Description of the Remains of Extinct Mammalia and Chelonia 

from Nebraska Territory, collected during the Geological Survey 

under the direction of Dr. David Dale Owen. Rept. of Geol. Sur. 

of Wis., la., and Minn., D. D. Owen, 1852, pp. 540-72. 

30. Description of an Extinct Species of American Lion, Felis atrox. 
Am. Phil. Soc. Trans. X, 1853, pp. 319-22. 

31. A Memoir on the Extinct Dicotylidiv of America, lvS52. Am. Phil. 
Soc. Trans. X, 1853, pp. 323-44. 

32. Memoir on the Extinct Species of American Ox, 1S52. Smith. 

Cont. V, 1853. 

33. Remarks on various Fossil Teeth. Proc. Acad. 1853, p. 214. 

34. On some Fossil Fragments from Natchez, Miss. Proc. Acad., 

1853, p. 303. 

35. Remarks on a Collection of Fossil Mammalia and Chelonia from 
the Mauvaises Terres of Nebraska. Proc. Acad., 1853, pp. 392-94. 
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36. The Ancient Fauna of Nebraska: or a Description of liemains of 
Extinct Mammalia and Chelonia from the Mauvaises Terres of 
Nebraska, 1852. Smith. Cont. VI, 18r)4, a92-94. 

:}T. On Brimosaurus grandis, u. g. Proc. Acad. VII, 1804, p. 72. 

:^. On Bison latifrons. Proc. Acad. VII, 1854, p. 81). 

89. On Dinictis felina. Proc. Acad. 1854, p. 127. 

40. HipiH)don and Mery(;odus, new fossil genera indicated. Proc. 
Acad. VII, 1854-55, p. 1)0. 

41. Synopsis of Extinct Mammalia, the Remains of which, have been 
discovered in the Eocene formations of Nebraska. Proc. Acad. 
VII, 1^54-55, pp. 156-58. 

42. Description of a Fossil apparently indicating an Extinct Species 
of the Camel tribe. Proc. Acad. VII, 1854-55, pp. 172-78. 

4i3. Notice of some Fossil Bones, discovered by Mr. Francis A. Llncke, 
in the banks of the Ohio river, Indiana. Proc. Acad. VII, 1854- 
55, pp. 199-201. 

44. Remarks on the question of the Identity of Bootherium cavifrous 
with Ovibos moschatus or O. maximus. Proc. Acad. VII, 1854-55, 
pp. 209-10. 

45. Indications of twelve Species of Fossil Fishes from New Jersey 
and S. Carolina. Proc. Acad. VII, 1854-55, pp. 395-97. 

46. Indications of five Species, with two new Genera, of Extinct Fishes. 
Proc. Acad. VII, ia'>4-55, p. 414. 

47. A 3Iemoir on the Extinct Sloth Tribe of North America, 1853 
Smith. Cont. VII, 1855. 

48. On a so-(?alled Fossil Man. Proc. Acad. 1855, p. 340. 

49. Description of some Remains of Fishes from the Carboniferous 
and Devonian Formations of the United States. Jour. Acad. -Ill, 
1855-58, pp. 159-62. 

50. Descriptions of some Remains of Extinct Mammalia. Jour. Acad 
III, 1855-58, pp. 166-71. 

51. Descriptions of Two Ichthyodurulites. Proc. Acad. VIII, 1856, 
l)p. 11-12. 

52. Notices of some Remains of Extinct Mammalia, discovered by Dr. 
F. V. Hayden in the Bad Lands of Nebraska. Proc. Acad. VIII, 
1856, pp. 59-60. 

53. Notices of Remains of Extinct Reptiles and Fishes, discovered by 
Dr. F. V. Ilayden, in the Bad Lands of Judith liver, Nebraska 
Territory. Proc. Acad. VIII, 1856, pp. 72-75. 

53a. ///. Am. J. Sci. XXI, 1856, pp. 422-23. 

54. Notices of Remains of Extinct Mammalia, discovered by Dr. F. 
V. Ilayden in Nebraska Territory. Proc. Acad. VIII, 1856, pp. 
88-90. 

55. Notices of the Remains of a Species of Seal, from the Post- 
Pliocene Deposit of the Ottawa river. Proc. Acad. VIII, 1856, 
pp. 90-91. 

56. Notices of several Genera of Extinct Mammalia, previously less 
perfectly characterized. Proc. Acad. VIII, 1856, pp. 91-J)2. * 



336 The Amenean Geologlnt, November, it<i»i 

57. Notices of some Remains of Extinct Vertebrated Animals. Proc. 
Acad. VIII, 185G, pp. 162-65. 

58. Notices of some Remains of Extinct Vertebrated Animals col- 
lected by Prof. Cook. Proc. Acad. VIII, 1856, pp. 220-21. 

50. Notices of some Remains of Extinct Vertebrated Animals, discov- 
ered by Prof. E. Emmons. Proc. Acad. VIII, 1H56, pp. 255-56. 
59a. Id. Am. J. Sci. XXIII, 1857, pp. 271-72. 

60. Notices of some Remains of Fishes, discovered l)y Dr. John E. 
Evans. Proc. Acad. VIII, 1856, pp. 256-57. 

61. Notices of Remains of Two Species of Seals. Proc. Acad. VIII, 

1856, 2«5. 

62. Remarks on certain Extinct Species of Fishes. Proc. Acad. VIII, 

1856, pp. 301-2. 
6i{. Notices of liemains of Extinct Turtles of New Jersey, collected 
by Prof. Cook. Proc. Acad. VIII, 1856, i)p. 30:J-4. 

64. Notices of Extinct Vertebrata, discoverecl by Dr. F. V. Ilayden, 
during the expedition to the Sioux country. Proo. Acad. VIII, 
1856, pp. 311-12. 

65. List of Extinct Vertebrata, the remains of which have been dis- 
covered in the region of the Missouri river; with remarks on their 
geological age. Proc. Acad. IX, 1857, pp. 89-01. 

66. Notices of some Remains of Extinct Fishes, Proc. Acad. IX, 1857, 
])p. 167-68. 

67. On New Red Sandstone Fossils from the Gwyunedd Tunnel N. P. 
R. R. Proc. Acad., 1857, p. 150. 

68. Rectification of the lieferences of the Extinct Mammalian Genera 

of Nebraska. Proc. Acad. 1857, pp. 175-76. 

69. On the Dentition of Mososaurus. Proc. Acad. 1857, p. 176. 

70. Notices of liemains of Extinct Vertebrata, from the Vallev of the 
Niobrara river, collected during the exploring expedition of 1857, 
by Dr. F. V. Hayden, Proc. Acad. X, 1858, pp. 20-29. 

71. Remarks on Fossil Mammalia from Nebraska. Proc. Acad. 1858, p. 7. 

72. Notice of Remains of Extinct Vertebrata from the Valley of the 
Niobrara river. Proc. Acad. 1858, p. 11. 

73. Remarks on a Cast of a Mastodon Tooth. Proc. Acad. 185>*, 

p. 12. 

74. Remarks on Fossil Remains from Nebraska. Proc. Acad. 185JS 
pp. 89-90. 

75. Remarks on Hadrosaurus foulkii. Proc. Acad. 1858, pp. 215-18. 

76. On Hystracanthus arcuatus and Cladodus occidentalis. Proc. 
Acad. 1859, p. 3. 

77. Remarks on Tooth of Mastodon and Bones of ^losasaurus. Proc. 
Acad. 1859, pp. 91-92. 

78. Remarks on Teeth of Clepsysaurus, Eurydorus serridens and Com- 
sosaurus from Ph(cnixvillo Tunnel, Chester Co., Pa. Proc. Acad. 
1859, p. 110. 

79. Remarks on Fossils from Bethany, Va., and also from the Green - 

sand of Monmouth Co., N. J. Proc. Acad. 1859, p. 110. 



Pahni'4(tiotiJ< of JoH4',jfh Li'idy. — Eifenimn, '337 

80. Remarks on Ossite from Sombrero, W. I., and on skull of Ursus 
American us from the drift of Claiborne, Ala. Proc. Acad. 1859, 
p. 111. 

81. Kemarks on Fragment of Jaw of Mosasaurus. Proc. Acad. 1859, 
p. 150. 

82. On Specimens of Paheotrochiis from sub-Silurian Strata. Proc. 
Acad. 1859, p. 150. 

83. liemarks on Dromatherium sylvestre and other Fossils from 

Chatham Co., N. C. Proc. Acad, 1859. p. 162. 

84. Kemarks on the Antler of the Reindeer found at Sing Sing and 

liemarks on Freijiu americaua from Newport. Prm-. Acad. 1859, 
p. 194. 

85. Description of the Renuiins of Fislies from the Carboniferous 
limestone of Illinois and Missouri, 1856. Trans. Amer. Phil. Soc. 
XI, 1860, pp. 83-HT. 

86. Remarks on Saurocephalus and its allies, 1856. Trans. Amer. 

Phil. Soc. XI, 1860, pp. 91-95. 

87. Observations on the Extinct Peccary of North America; being a 
sequel to "A Memoir on the Extinct Dicotylinae of America/* 
1856. Trans- Am. Phil. Soc. XI, i860, pp. 97-ia'>. 

88. Remarks on the Structure of the Feet of Mogalonyx, 1856. Tnms 
Am. Phil. Soc. XI, 1860, pp. 107-108. 

89. Extinct Vertebrata from the Judith River and Great Lignite 
Formations of Nebraska. Trans. Am. Phil. Soc. XI, 1860, pp. 
139-154. 

90. Remarks on Fossil Teeth of Hippotherium from Wasliingtoii C'o.j 
Texas. Proc. Acail., 1860, p. 416. 

91. Remarks on an Extinct Peccary from Dr. D. D. Owen. Proc. 
Acad. 18<50, 416. 

92. Cretaceous Reptiles of the United States, 18<}4. Smith. Ropt. 

1864, pp. 66-73. 
92a. Id, Smith. Cont. XIV, 18(i5 (Art. 6). 
92b. Id, Geological Magazine, V, 1868, pi). 432-35. 

93. Fossil Remains of Horses from California. Proc. Acad. 1865, p. 94. 

94. Fossil Remains of Rhino<!eros from Texas and California. Proc. 
Acad. 1865, pp. 176-77. 

95. On Hones and Stone Implements from (luano deposits in the 
Island of Orchilla. Proc. Acad. 1865, pp. 181-83. 

96. Remarks on a Phalynx of an Extinct Reptile. Proc. Acad. 1866, 
p. 9. 

97. Remarks on Human Relics at Petite Anse, La. Proc. Acad. 18<w;, 
p. 109. 

98. Remarks on Fossils presented June 5. Proc. Acad. 1S66, p. 237. 
i>9. On Fossil Hones from Mauvaises Terres, Nebraska. Proc. Acad. 

1866, p. 345. 

100. Remarks on the Skull of Hison latifrons. Proc. Acad. 1867. p. 85 

101. Exhibition of the skull of Geomys bursarius. Proc. Acad. 1867J 
p. 97. 



^38 TUp American GeoliXjht, November, 19»1 

102. On the skull of Ciistoroldes ohloensis. Proc. Acad. 1807, p. 1»7. 
108. Notices of some Vertebrate Uemains from Hardin Co., Texas. 
Proc. Acad. 1808, pp. 175-70. 

104. Indication of an Elotherium in California. Proc. Acad. 1808, p. 

105. Notices of some Reptilian Remains from Nevada. Proc. Acad. 
1808, 178-80. 

100. Notices of some Vertebrate Remains from the West Indian Islands. 
Proc. Acad. 18(58, pp. 178-80. 

107. Notices of some Remains of Horses. Proc. Acad. 1808, p. 195. 

108. Notices of some Extinct Cetaceans. Pfoc. Acad. 1808, pp. 197-99. 

109. Remarl(s on a Jaw Fragment of Megalosaurus. * Pro<% Acad. 1868, 
pp. 197-99. 

110. Notices of American Species of Ptychodiis. Proc. Acad. 1808, pp. 
205-0. 

111. Notices of some Remains of Extinct Pachyderms: Dicotyles 
nasutus, Anchippus texanus, Anchippodus riparius, Lophiodon 
occidentalis. Proc. Acad. 1808, pp. 315-10. 

112. Notices of some Remains of Extinct Insectivora from Dakota. 

Proc. Aca<l. 1808, pp. 815-10. 
118. On Photograph of Fossil Bones from Topeka, Kas. Proc. Acad. 

1808, p. 315. 
114. On the Extinct 3Iammalia from Dakota and Nebraska, including 

an account of some allied forms from other localities. Jour- 

Acad. VII, 1809, pp. 23-302. 
'115. Synopsis of Extinct Mammalia of North America. Jour. Acad. 

VII, 1809 pp. 308.472. 
110. Notices of some Extinct Vertebrates from Wyoming and Dakota* 

Proc. Acad. 1809, pp. 03-07. 

117. Elasmosaurus platyurus. Cope. Am. J. Sci. XLIX, 1870, p. 392. 

118. Fossil Sivatherium from Colorado ^legacerops coloradeusis. 
Proc. Acad. 1870, pp. 1-18. 

119. Remarks on Poieilopleuron valens, Baptemys wyomingensis, Eniys 
stevensonianus and other Fossils from the Middle Park, Colorado. 
Proc. Acad. 1870, pp. 3-5. 

120. On R4*i)tilian Remains from the Cretaceous formation near Fort 

Wallace, Kansas. I^roc. Acad. 1870, pp. 9-10. 

121. On a Fossil Mandible from near Fort Bridger, Wyoming. Proc. 

Acad. 1870, pp. 10-11. 

122. Remarks on Xiphactinus audax and other Ichthyodorulites. Proc. 

Acad. 1870, pp. 12-18. 
128. Remarks on Asteracauthus siderius. Proc. Acad. 1870, p. 13. 

124. On lladrosaurus and its allies. Proc. Acad. 1870, pp. 07-08. 

125. Descriptions of Oncobatis pentagonus and Mylocyprinus robustus. 
Proc. Acad. 1870, pp. 09-71. 

120. On Mastodon Remains of tlie Warren Museum and the Cambridge 

University Museum. Proc. Acad. 1870, pp. 90-99. 
127. On Crocodilus elliotti. Proc. Acad. 1S70, pp. 100, 122. 



PuhUcatioHif of Jimeph. Leidij, — KyernKoi, 339 

128. Ou some Fossils from the Sweet Water river, Wyoming Territor}'. 
Proc. Acad. 1870, pp. 109-110. 

129. Description of a new Species of Oreodon: O. superbus. Proc. 
Acad, 1870, pp. 11M12, 

130. On Anchitlierium condoni and Cordylophora americana. Proc. 
Acad. 1870, pp. 113-113. 

131. Descriptions of Pabvosyops paludosus, Microsus cuspidatus and 
Xotharctus tenebrosuH. Proc. Acad. 1870, pp. 113-114. 

132. Descriptions of Graphiodon vinerius, a fossil reptile. Proc. Acad. 
1870, p. 122. 

133. Reptilian I^mains from Wyoming; Emys jeanesi, E. haydeni, 
Bwna arenosa. Proc. Acad. 1870, pp. 123-24. 

134. Fossil Remains of a Lacertian, discovered near Granger: Saniwa 
ensidens Proc. Acad. 1870, pp. 124-25. 

135. Fossil Fragment of the Lower Jaw of a small Pachyderm; 
Lophiotherium sylvaticum. Proc. Acad. 1870, p. 120. 

130. On the Humerus of a Sloth resembling .Mylodon robustus and on 
Dromotherium sylvestre. Proc. Acad. 1870, pp. 8-9. 

137. On Specimens of Vertebral Bodies from the New Jersey Green- 
Sand. Proc. Acad. 1870, p. 10. 

138. On Ichthyodorulites. Proc. Acad. 1870, pp. 12-13. 

139. On Fossil Remains from Illinois. Proc. Acad. 1870, p. 13. 

140. On Discosaurus and its allieH. Proc. Acad, 1870. pp. 18-22. 

141. On Fossil Bones from Dakota and Nebraska. Proc. Acad. 1870, pp. 
(J5-06. 

142. On Fossil Remains from Idaho, Utah and Oregon. Proc. Acad. 
1870, pp. 07-8. 

148. On Fossils from the vicinity of Burlington, Kas., and from the 
Rocky Mts. Proc. Acad. 1870, p. 09. 

144. On the Relations of European and American fauna. Proc. Acad. 
1870, pp. 72-73. 

145. On a Jaw Fragment of Ovibos cavifrons. Proc. Acad. 1870, p. 73. 
140. Nothosaurops occiduus. Proc. Acad. 1870, p. 74. 

147. On Mastodon Remains. Proc. Acad. 1870, pp. 90-99. 

148. On Fossil Remains in the Museum of Amherst College. Proc. 
Acad. 1870, p. 98. 

149. On Fossils from Bridge creek, Oregon. Proc. Acad. 1870, pp. 
111-113. 

150. On Cordylophora. Proc. Acad. 1870, p. 113. 

151. On Fossils from Church Buttes, Wyoming Territory. Proc. Acad. 
1870, pp. 113-114. 

152. On Fossils found under Table Mt. Cal. Proc. Acad. 1870, pp. 
125-26. 

153. On some Extinct Turtles from Wyoming Territory. Proc Acad. 
1870, pp. 102-103. 

154. Remains of Extinct Mammals from Wyoming. Proc. Acad. 1871, 
pp. 113-14. 

155. Remains of Paheosyops from Fort Bridger. Proc. Acad. 1871, p. 118. 



340 The Amerl^ai} Geoh^jint, yovemi>er, itwi 

156. Remarks on a FoHsil Tostudo from Wyoming. Proc. Acad. 1871,. 
p. 154. 

157. liemarks on Supposed Fossil Turtle Kggs. Proc. Acad. 1871, PP« 
154-55. 

158. Fossils from Wyoming. Proc. Acad. 1871, p. 107. 

151). Remarks on Fossil Vertebrates from Wyoming. Proc. Acad. 1871, 
pp. 228-*2J». 

lOO. Notice of some Kxtinct Rodents from Wyoming, and description 
of Mysops minimus. Proc. Acad. 1871, pp. 2;M)-J52. 

1(51. Remarks on Fossils from Oregon; Hadrohyus supremus, Rhinoce- 
ros pacificus Stylemys oregonensis. Proc. Acad. 1871, pp. 247-48 • 

102. On a small Collection of Fossils from California. Proc. Acad* 

1871, p. 50. 

10;J. On Polydactylism in a Horse. Proc. Aca<l. 1871, p. 112. 

104. On Remains of Mastodon and Horse in North Carolina. Proc. 

Acad. 1871, p. ILS. 
165. Remarks on Mastodon, etc., from California. Proc. Acad. 1871, pp. 

198-U9. 
10<5. Note on Anchitherium. Proc. Acad. 1871, p. IIMK 

107. Remarks on Fossil Vertebrates from Wyoming. Proc. Acad. 1871? 
pp. 228-J). 

108. On some new Species of Fossil Mammalia from Wyoming; Pal- 
jvosyops humilis Uintatherium robustum, Uintamastix atrox. Am. 
J. Sci. IV, 1872, pp. 289-40. 

l()8a- hh Proc. Acad. 1872, pp. 107-00. 

109. Remarks on Fossils from Wyoming. Proc. Acad. 1872, pp. 19-21. 

170. Remarks on some Extinct Mammals. Proc. Acad. 1872, pp. 37-88. 

171. Remarks on some Extinct Vertebrates: Felis augustus, Oligosimus 
girandajvus, Tylosteus omatus.* Proc. Acad. 1872, pp. 88-40. 

172. On a new genus of Extinct Turtles. Proc. Acad. 1872, p. 102. 

178. On some Remains of Cretaceous Fishes; Otodus divaricatua, 
Oxyrhina extenta, Acrodus humilis, Pycnodus faba. Proc. Acad. 

1872, pp. 102-04. 

174. Remarks on Fossil Mammals from Wyoming; Uintatherium 
robustum, Paheosyops major, ,.Proc. Acad. 1872, pp. 240-42. 

175. Remarks on chipped stones from Wyoming. Proc. Acad. 1872, pp. 
242-48. 

17(}. Remarks on Fossils from Wyoming; Palicosyops junior, Uintacyon 
edax, r. vorax, Chanieleo pristinus. Proc. Actvi. 1872, p. 277. 

177. Remarks on Mastodon from New Mexico. Proc. Acad. 1872, p. 142. 

178. Remarks on Fossil Shark Teeth. Proc. Acad. 1S72, p. 106. 

179. Contributicms to the Kxtinct Fauna of the Western Territories. 

Rept. U. S. Geol. Sur. of Ter. (ilayden), I, 1878, pp. 1-858, pis. 
1 XXXVII. 

180. Notice of Fossil Vertebrates from the Miocene of Virginia. 

Prw. Acad. 1878, p. 15. 

181. Notice of Remains of Fishes in the Bridger Tertiary formation of 
Wyoming. Proc. Aca<l. 1873, pp. 97-99. 



PM'waftnn^ of JoH4'ph Leidtj, — Kyevman, 341 

182. Kemarks on tlie Occurrence of an Extinct Hog In America- 

Proc. Aca<l. 1878, p. 207. 
188: liemarks on Kxtinct Mammals in California. Proc. Acad. 1878^ 

pp. 259-60. 

184. liemarks on Fossil Elephant Teeth. Proc. Acad. 1878, pp, 416-17. 

185. Notice of Remains of Titan other ium. Proc. Acad. 1874, pp. 

165-66. 

186. liemarks on Fossils presented. Proc. Acad. 1874, pp. 223-24. 

187. Description of Vertebrate Remains chiefly from the Phosphate 
Beds of South Carolina. Jour. Acad. VIIT, 1874-81, pp. 2(>1).61. 

188. Remarks on Bathygnathus borealis. Jour. Acad. VIII, 1874-81, 
pp. 449-51. 

189. liemarks on a Coal Fossil, etc. Proc. Acad. 1875, d. 120. 

190. liemarks on Elephant Remains. Proc. Acad. 1875, p. 121. 

191. On Petalo<lu8. Proc. Acad. 1876, p. 9. 

192. Mastodon andiuni. Proc. Acad. 1876, p. 88. 

198. liemarks on Fossils from the Ashley Phosphate Beds. Proc. Acad. 
1876, pp. 80-81, 8(5-87. 

194. Fish liemains of the Mesozoic Red Shales. Proc. Acad. 18 16, i*. 81. 

195. liemarks on Fossils from the Ashley Phosphate Beds. Proc. Acad. 

1876, pp. 86-87. 
19<J. liemarks on the Vertebrate fossils from the Pho8i)hate Beds of S. 
Carolina. Proc. Acad. 1876, pp. 114-15. 

197. On Fossil Fishes. Proc. Acad. 1877, p. 294. 

198. Fossil Remains of a Caribou. Proc. Acad. 1879, pp. 82-88. 

19J>. Fossil Foot Tracks of the Anthracite Coal Measures. Proc. Acad. 
1879, pi>. 164-65. 

200. Bone Caves of Pennsylvania. Proc. Acad. 1880, pp. 346-49. 

201. On Remains of Horses. Proc. Acad. 1882, pp. 290-92. 
202- On an Extinct Peccary. Pro<-. Acad. 1882, pp. 801-302. 
20f?. Fossil Bones from Louisiana. Proc. Acad. 1884, p. 22. 

2(H. Vertebrate Fossils from Florida. Proc. Acad. 1884, pp. 1 18-1 19. 

205. Rhinoceros and llippotherium from Florida. Pnw. Acad. 1885, 

pp. 32-88. 

206. liemarks on Mylodon. Proc. Acad. 1885, pp. 49-51. 

207. Mastodon and Llama from Florida. Proc. Acad. 188<», pp. 11 12. 

208. Extinct Boar from Florida. Proc. Acad. 188(5, pp. 37-:W. 
20JK Caries in the Mastodon. Proc. Acad. 1886, p. :W 

210. Toxodon and other Remains from Nicaragua. Proc. Acad. 1886, 

275-77. 

211. Fossil Ii<mes from Florida. Proc. Acad. 188^, pp. 809-10. 

212. Megalonyx jeffersonii. Proc. Acad. 1888, p. 278. 

218. The Sabre-tooth Tiger of Florida. Proc. Acad. 1889, pp. 29-81. 

214. Fossil Vertebrates from Florida. Proc. Acad. 1889, pp. 96-97. 

215. Notice of some Fossil Human Bones. Trans. Wagner Free. Inst. 
Sci. II, pp. 9-12*. 



•Tran»«actlonsof the WagiHT Fn**? IiistitiiU> of Scieiu'e, Philadelphia. 



342 Tlte American Geoh^jtaf, Noveiiii>er, iwi 

21(5, Description of Mammaliau liemains from a rock crevice in 
Florida. Trans. Wa«r. Fr. Ins. Sci. II, 1889, pp. 18-17. 

217. Description of Vertebrate Ueniains from Peace Creek, Florida. 
Trans. Wag. Fr. Ins. Sci. II, 1889, pp. 19 31. 

218. Notice of some Mammalian Remains from tlie Salt Mine of 
Petite Anse, Louisiana. Trans. Wag. Fr. Ins. Sci. II, 1889, pp. 33-40. 

219. On Platygonus, an extinct genus allied to tlie Peccaries. Trans, 
Wag. Fr. Ins. Sci. II, 1889, pp. 41-50. 

220. Fossil Vertebrates from Florida. Proc. Acad. 1890, pp. 04-05. 

221. Ilippotherium and Rhinoceros from Florida. Proc. Acad. 1890, 

pp. 182-83. 

222. Mastodon and Capybara of Soutli Carolina. Proc. Acad. 1890, pp. 

184-85. 



• » . 



THE 



AMERICAN GEOLOGIST 



Vol. VIIT. DECKMBER, 1891. No. 6. 



JEAN N. NICOLLET. 

N. H. WiNciiKi.L, Minnea|)oli8.* 

Of that little coterie of earnest geologists, who in tlie fourth 
decade of the present century inaugurated the system of pul)lic 
surveys in the Thiited States, and from whose occasional meet- 
ings together sprang the American Association for the Advance- 
ment of Science, and tlience much of the popular interest in 
geology which characteriz.es the present decade. Jean X. Nicollet 
was one of the most learned and enthusiastic. In his intercourse 
with others, whether on the frontier among the rude settlers of 
the prairies, the officers of the frontier forts, or at the meetings 
of the Association of (leologists, his bearing was that of a cult- 
ured and modest scientist, and he won his rapid recognition by 



♦For authority for the historic statements of this sketch, tlie reader is 
referred to the following: Traasactions of the Association of American 
Geologists and Naturalists, 1840-42. Boston, 1843, pp. 32-34: Report in- 
tended to illustrate a map of the hydrographi(;al basin of the Upper 
Mississippi river made by J. N. Nicollet, while in employ under the 
bureau of Topographical Engineers, Feb. 16. 1841, Washinifton, 184:{, 
TDoc. 287, 26th Cong. 2d Sess.); Pacific R. R. Reports. Vol." \r, p. 41; 
Minnesota Historical Collections, 1850-56, Vol. i, p. 183; Ditto, Vol. vi, 
pp. 242-45, 1801; Am. Jour. 8ci. (1), xlvii, 139, Sketch bj- Prof. IT. I), 
liogers. Of all these publications, that in the Vol. of the Mmnesota His- 
torical Society's publications, being a memoir of Nicollet by Gen. H. H. 
Sibley, is the most important, touching his personal history. Memoirs 
of my Life, by John Charles Fremont, Vol. i, pp. 30-72, contains some 
interesting details of Nicollet's plans and life at Washington. Compare 
also Wheeler's Geographical Survey west of the lOUth Meridian. Vol. 
I, p. 548, Washington, 1889, and the Annual Report of the Smithsonian 
Institution, 1870, p. 194. The autograph seen under his portrait is taken 
from a letter dated St. Anthony Falls, Jan. 27, 183<), now in the possession 
of Dr. E. D. Neill, St. Paul, by whose courtesy it is used. 
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scientists in this country through the courteous kindliness of his 
demeanor, no less than through tlie earnestness of his zeal. Al- 
though but about eleven years of his life were spent in the United 
States, coming to this country wholly unknown and without 
recommendations or introduction, he entered upon a career which 
soon conducted him into the favorable consideration of the high- 
est authorities of the Government at Washington, and when he 
died he was in the service of the Bureau of Topographical En- 
gineers. 

Born in France, whence also came Guyot, and Agassiz and 
Lesquereux, a brilliant group whose illumination the nineteenth 
century will always bear, he also brought to America and conse- 
crated to her service a ripe education and great skill in manipula- 
tion of scientific methods. He was born in 1790 at Cluses. in 
Savoy, between Geneva and Mont Blanc, and died Sept. IS, 
1H4I], probably at the house of Prof. Ducatel, in Baltimore, Md. 
In l)oyhood he was obliged, through the i)overty of his parents, 
to earn some i)ortion of his livelihood. The musical ability which 
he displayed in later life, by which he enlivened the households 
of general Sibley and of Indian agent Taliaferro, at Fort Snel- 
ling, seems to have marked out for him the most successful means 
of gaining such subsistence. With a flute or a violin, at the 
tender age of ten years, he pla^'ed at such public or private enter- 
tainments as needed his services. lie subsequently was appren- 
tice<l to a watch-maker, and remained with him until he was 
eighteen years of age. While carrying on this occupation at 
Chambry he prosecuted his studies in mathematics, in which he 
became so proficient that he was awarded a prize. Returning to 
Cluses he tiiught mathematics, and at the same time received les- 
sons in Latin and other languages. After two yeai"s he repaired to 
Paris where he was admitted to the first class in L'Ecole Nor- 
male; and soon afterwards he was placed in charge of the mathe- 
matical course in the college of ''Louis le Grand." 

''It was in 1818 that Nicollet published his celebrated letter to 
M. Outrequin Banquier, on 'Assurances having for their basis 
the probable duration of human life. ' This little work gained 
for him a high reputation, afl'ording to the Assurance Societies 
the prospect of establishing their regulations upon the more cer- 
tain basis of mathematical demonstration, and he soon found 
himself courted by financiers, while at the same time he was ad- 
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mitted into the higher circles of society. Shortly after he wrote 
for the 'Modem Encyclopedia' several articles on prohahilitus, 
and one upon asHurances. It is stated that his knowledge of the 
Knglish gave him a great advantage, in being able to consult 
writers in that language on the theory of assurances in applying 
it to every species of risks." 

In 1819 and 182(> he made observations upon the lunar spot 
Manilus, and united them with those of Bouvard in 1800, with a 
discussion of the whole, published in 1822 and 1828 in Connms- 
sances dts Temps. On the 21st of January, 1821, he discovered, 
between six and seven in the evening, a comet in the constella- 
tion Pegasus, seen on the same day and the same hour by Pons, 
of Marseilles. Tie subset^uently computed its parabolic elements. 
In a later discovery of another comet (April 22, 1880) he wtts 
preceded by M. Gambart, of Marseilles, who saw it on the 21st of 
the same month. We are also indebted to Nicollet for observa- 
tions and computations of other comets, among which may be 
mentioned that of 1 828, whose elements he computed. lie had 
alreadv labored some time in the Observatorv at Paris, when in 
1822, he entered the **Bureau des Longitudes' ' as an adjunct. 
His position for the future was thus most honorably established. 
The publications of the Observatory will show the part he took 
in the ob.servations. He participated in that great work, the de- 
termination of the figure of the earth, by comparing a measured 
terrestrial arc with the celestial arc corresponding to it. These 
labors were published in ♦♦Connaissances des Temps" for 1829. 
A memoir of his on a new computation of the latitudes of cer- 
tain places, to serve as a supplement to that great work, the 
^*Base du Systeme metrique. ' was published in 1828. 

Nicollet. was honored by the decoration of the Legion of Honor, 
previous to 1825. and had also the appointment of professor to 
the Royal College of Louis Le Grand. Having also been ap- 
pointed one of the Inspectors of the Naval Schools, conjointly 
with MM. Reynaud and (rerand he published a course in mathe- 
matics in three volumes, for the use of candidates for promotion, 
the second volume, containing geometry and trigonometry, being 
edited solely by himself. 

In 1881 he determined the comparative magnetic intensity of 
Brest, with reference to that of Paris and Brussels, and the re- 
sults were inserted in the first volume of the Bulletins. Several 
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of his coinmimicationH were iiiHerted in the publications of the- 
Royal Academy of Science and Belles Lettres of Brussels, of 
which he was made a corresponding meml>er. 

Tn conjunction with this course of scientific promotion Nicol- 
let's financial success had kept ix]ual pace, and he had accumu- 
lated a considerable sum of money. New avenues of profit 
opened l)efore him, and tempted by his uniform success, he 
launched Iwldly forth upon a sea of speculation, with firm confi- 
dence in his theory of probabilities. Tie failed, and with the 
disappearance of his own fortune the fortunes of others were 
involved. lie was forced to seek refuge in the Uniteil States, his. 
former friends being found among his most bitter and implacable 
persecutors. 

. He arrived in this country in 1 8H2, apparently having landed, 
at New Orleiins. He was an entire stranger and with limited- 
pecuniary means. In the progress of a systematic journey 
through the states of the lower Mississippi valley, he made the 
acciuaintance of bishop C handle, of Natchez, and a fiiendship- 
sprang up between them which continued till Nicollet's death. 
Through the agency of P. Chouteau, Jr., & (^o., of St. Louis, 
extensive Indian traders in the Northwest, bv whom Nicollet was 
entertained on the most cordial terms, and of major Taliaferro,. 
Indian agent at Fort Snelling, the desire which Nicollet had ex- 
pressed of exploring thoroughly the upper waters of the Missis- 
sippi, and accurately mapping the same, was made known to the 
United States Government. In 18:5: J the War Department furn- 
ished him letters of protection and hospitality, addressed to the 
commanding ()fticei*s and Indian agents of the frontier, and at 
the same time the loan of certain instruments needed by him. 
Aside from these inconsiderable aids, however. Nicollet entered 
upon a great undertaking alone, and at his own expense and risk. 
He was everywhere received with great cordiality. He had bcH»n 
schooled to the social o))servaiu'es which make daily intercourse 
attractive. His mind was of the higher onler. His mathemati- 
cal and musical abilities, his delicate physical frame, his unos- 
tentatious demeanor, his readiness to enter into social convei"se, 
and to impart information on topics which are the less under- 
stood and but seldom discussed in the unsetth^d communities in 
which he now found himself, and his general scientific attain- 
ments, conspired to furnish him a passport into the best circles. 
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The lato general II. 11. Sible>', ami Indian agent Taliaferro, tes- 
tify to the pleasure with which they ri^ceivetl and entertained 
Nicollet during the winter months, at Mendota and Fort Snelling, 
when his active explorations were suspended, and he was engaged 
in constructing his preliminary map. ''In those days when the 
nearest settlement of whites was nearly three hundred miles dis- 
tant, the adyent of a decent and intelliijent visitor was hailed 
with delight." 

Until 1H3S Nicollet was thereafter engaged in mapping the 
region of the upper Mississippi. He was accompanied by ex- 
perienced (Canadian frontiei^men. selected usually l>y the fur 
companies. ((Miouteau & (%>. , of St. Louis.) and frequently from 
their own men. He employed for the first time in this region 
those methods and principles which have been the basis of all the 
more recent surveys. The vastness of the area which he covered 
-alone rendered it necessary to depend on more inaccurate methods 
for filling in the details between the i>oints astronomically deter- 
mined. Wherever Mr. Nicollet went, he was indefatigable in the 
use of the telescope for observing occultations and eclipses, and 
of the sextant, with which he was very skillful. With these, a 
I)Ocket chronometer, artificial horizon of mercurj' and barometer, 
he obtained astronomic and topographic results, possessing re- 
markable accuracy for the means employed. Mr. Nicollet was 
the first explorer who made use of the barometer in obtaining the 
elevation of our great interior country alwve the sea. An ab- 
stract of the methods and principles l>y which he was governeil is 
given in his report, and these have served as a guide to many sub- 
sequent observers. 

The preliminary' map which he thus constructe<l exten<led on 
the east fi>om the longitude of Madison in Wisconsin to the one 
hundredth meridian, and from the northern international boundary 
to the parallel of 38 degrees and 30 minutes, which is just below 
the mouth of the Missouri river. It embrace<l not alone the ac- 
curate k)cation of rivers and lakes, and the representation of the 
principal topographic elevations, but it showed many details of 
historic discovery and geography, and facts r(»sj)ecting the loca- 
tion of the Indian tribes, and the al)original names for streams 
and lakes. Nicollet familiarized himself with early discovery, 

• ft 

and particularly with the early French explorations, and it was 
one of his aims to resuscitate^ and reclaim for his countrymen the 
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credit for what they had done, for at that time it had lapsed 
from common acknowledgement. This was freely communicated 
to bishop Chanche and to Chouteau & Co., as well as others, and 
it doubtless served to enlist all French citizens heartily in his aid. 
Col. Abeiii, chief of the engineer corps of the U. S. army, had 
kept himself acquainted with the progress of Nicollet's surv^eys^ 
although there is no evidence of any official communications l>e- 
tween them. Hon. J. R. Poinsett, of S. Carolina, at the head of 
the War Department, was also informed of his self -instituted and 
self-sacrificing lalwrs. At this time there was a general i)opular 
demand, for political reasons touching the controversy with Great 
Britian concerning the Oregon boundary, for knowledge of the 
nature of the country westward from the upper waters of the 
Mississippi, and when Nicollet, in 1888, with broken health and 
exhauste<l means, repaired to Baltimore, .where he again enjoyed 
the friendly hospitality of bishop Clianche, at St. Mark's Col- 
lege, and of Prof. Ducatel, he was s(H>n offlciall}' called to Wash- 
ington b}' Mr. Poinsett for the inspection of his maps and jour- 
nals. Mr. Poinsett and Col. Abert were gentlemen of kindred 
spirits, and they appreciated and esteemed the character of 
Nicollet. They also saw at once the importance to the country of 
securing for the government the materials collected by Nicollet in 
his excursions. The result was that the chief of engineers was 
authorized to make arrangements with him for the transfer of his 
maps and journals to the government, and to secure his further 
servicer. Thus Mr. Nicollet found himself designated to under- 
take, the next season, under government employ, and with 
abundant means to carry out his projects, a final expedition to 
the Northwest for the purpose of completing his map. To this 
expedition was attached Lieut. J. C. Fremont, chief assistant in 
topographic and astronomic work, Mr. Charles Geyer, botanist,. 
M. de Montmort, a French gentleman attached to the Legation at 
AVashington, and Mr. Eugene Flandin, a 3'oung gentleman from 
New York. The eventful career of Fremont may ])e said to have 
commenced with this expedition, and Mr. Nicollet retained him an 
an assistant when afterwards he was engaged at Washington in 
reducing his astronomic observations and drafting his final map. 
Two years (1838 and 1830) were given to field examinations 
under these auspices. The second season Mr. Nicollet had, oa 
leaving Fort Pierre, in Dakota, a party of nineteen persons, in- 
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eluding Lieut. Fremont, Mr. Geyer, and Capt. Bellign}', an officer 
of the French army who wished to see the Indian countrj', 
thirty-three horses and ten carts. The years 1840 and 1841 were 
spent at Washington, where Mr. Nicollet had rooms for his work 
in the Coast Survey buildings on Capitol hill, and lived, with Fre- 
mont, in Mr. Ilassler's own house near at hand. Gen. Fremont, 
in his '^Memoirs,' give^ many pleasant reminiscences of his work 
here with Nicollet, and of the associations which they had with 
Nicollet's personal friends in Baltimore, where Mr. Nicollet fre- 
(piently retired for rest and recuperation — for his health was now 
seriously impaired, and he was able to make but slow head- 
way with his report. The map itself, executed under hi? immedi- 
ate eye, as the astronomical computations were made determining 
the chief iK)int8 in his itinerary, was chiefly drawn by Fremont 
and Lieut. Scammon, l)oth of whom had been assigned to that 
work for the assistance of Mr. Nicollet. 

His official superiors were planning larger things for Mr. Nicol- 
let, while his more intimate friends saw with sadness the gradual 
but persistent decadence of his health. His map was completed 
in 1841, and submitted to Congress. The Senate ordered its pub- 
lication under the direction of the Topographical Bureau. It was 
to lie accompanied by a report embracing an account of the phys- 
ical geographj' of the country reprej^ented, together with the most 
prominent features in the geology and mineral resources of other 
sections in the western part of the United States not embraceil in 
the area of the map. Mr. Nicollet gave, in 1841, an account of 
his work, and of his plans, at the Philadelphia meeting of the 
Association of American Geologists and Naturalists, dwelling 
particular!}^ on the geologicjil discoveries he had made. lie was 
now at work upon his report. He had the collaborative iissist- 
ance of Dr. Harlan, Dr. Torrey (in Botany) and to some extent 
of Messrs. Conrad and Vanuxem of the New York (rcological 
Survey, then recentl}' instituted. But he was greatly delay eil by 
ill health. The more extended explorations which were l)eing 
planned for him had to be transferred to his principal aid, Lieut. Fre- 
mont, who, though then young, was ambitious, and withal certiiinly 
better qualified physically, for carrying out the designs of the^ 
Government in western exploration. Had Nicollet's health been 
ec|ual to the task it is likely that the great interior of the North 
American continent west of the Mississippi, would have l>een ex- 
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ploivd throujjli the leadersliip of ii Frenchman, and the eclat of 
French spirit and enterprise whicli clianicterized the early explora- 
tion of that iK>rtion east of tiie Mississippi, would have been ex- 
tended unbroken to the Pacific shores. 

Mr. Nicollet, meantime, jjjrew restless and repaired frequently 
to St. Mary's collej^e. Baltimore. He was not in condition to re 
(luce to shape the materials for his report, which were varied and 
interesting, involving much information concerning the al)orig- 
ines. Mr. Sibley savs that he knows that Mr. Nicollet con- 
templated. when his materials should be elabonited, a work of 
several volumes, relating to the geology, toiK)graphy and geo- 
graphical, position of what is now Minnesot^i, and <liscussing 
many interesting topics connected with the Indian trilies, and with 
the mound- buildei-s. The only publication which resulted from 
this mass of material, was that small volume which was printed 
by order of the Senate, dated Feb. 1(>, 1S41, descriptive of his 
map. and published in 184vJ. The short reiM)rt which accom- 
[mnies the map was being printed. He was revising it, as it was 
returne<l to him for the purpose, but he never saw its completion 
in printed shape. He died in the fall of 184;5, and the '*Intro- 
<luction** was left incomplete. Col. Abert, to whom the report is 
addressed, adds this explanatory note, dated Sept. 13. 184H: 

Thus far Mr. Nicollet had written of his introduction, when death put 
an end to his labors, and before he had been able to revise his report, 
which had been returned to him for that purpose, and also to add the 
astronomical observations upon which his calculations were founded. 
These ohservations form parts of his journals which are to be deposited 
in the Bui can of the Corps of Topographical Engineers. 

Lieut. Warren speaks of having consulted these journals in 
IS')?, when compiling a general map of the western territories 
for the Pacific Railroad surveys. He distinguishes the map of 
Nicollet, which is now a veiy rare and valuable document, as 
•one of the greatest contrilmtions ever made to American geog* 
raphy. ' 

Nicollet was rather an astronomer and geographer than a geolo- 
gist, yet he made (then) imjK)rtant contrilmtions to the small fund 
of geological knowledge which was possessed of the Northwest, 
and he laid out in the form of his general map, a basis for future 
geological examination better than any enjoyed by the central and 
southern states of the Mississippi basin. His map and short ex- 
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planatory report also serve as an invaluable perpetuating link, 
preserving with great accuracy, many a]x)riginal geographic de- 
tails and uniting early French exploration with recent known data 
through the agency of an api)reciative and accomplished French 
scientist. 

When he last left the Northwest, after spending several weeks 
with general Sibley, at Mendota. he made his way, in the fall of 
1831), to Bedford, Pa., to the home of his friends, major and 
Mrs. Taliaferro, where he remained through the winter, and 
where he wjis so feeble that he had to be carefully nursed and 
treated with the best medical attendance. It was doubtless dur- 
ing this visit that was made the small ivory painting, which has 
furnished the basis for the portrait which accompanies this paper. 
Two photograph copies (vignette size) were presented to the Min- 
nesota Historical Society in 1867, by Maj. Taliaferro, and are 
now preserved in its archives. Of one of these this j)ortrait is 
an enlargement. The original has the following inscription on 
the reverse side, in Maj. Taliaferro's own writing:* *' Photograph 
fi'om painting on ivory of J. N. Nicollet, 1831). Photographed 
1867 and presented to the Minn. Hist. Soc. by Lawrence Talia- 
ferro, Aug.. 1867, R. T. Gettys, Bedford, Pa." 

Of the last davs of Nicollet we know but little. There is no 
dcmbt, however, from the stiitements of Gen. Sibley, and the 
facts recorded by Gen. Fremont, that his fine physical frame was 
over-taxed by the demands made upon it by the fiery spirit which 
animated it, and which drove him through the hardships and toils 
of his frontier campaigns. The burden which was ujwn his mind, 
again, arising from the loft}' ideal he had formed for the publica- 
tion of his scientific report to the (Jovernment, wore on him con- 
tinually, and as time passed, and his nervousness did not dimin- 
ish, but rather increased, and the accomplishment of his purpose 
receded from him as the months wore away, he became irrita- 
ble and more and more prostrated. Al)Out this time, also, ac- 
cording to Gen. Sibley, through the hostilit}' which yet pursueil 
him on the part of some of his old associates in business affairs, 
he faileil of election to meml)ership in the Aciidemy of Sciences, 
at Paris, an honor which he coveted. He had the sup|K)rt of 



'*'Thi8 has been still further enlarged iuto a life-size oil paintiug, by 

Mr. B. S. Hayes, an artist of Minaeapolis, and hangs iu the ofilce of the 
•writer. 
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LaPlace, but the opposition of Arago, who was characterized by 
LaPlace as the '* great elector of the Academy." This was a 
mortal blow and he faded away rapidly on leiiming of it, for he 
had been duly nominated by some of his scientific friends in 
Paris. 

1 fain would dwell on the beauties of such a character. It was 
an exotic plant, forcibly transferred from luxuriance to the com- 
parative desert and harshness of our northwestern frontier. It 
bloomed for a short time, disseminating unstintedly its fragrance 
on the surrounding atmosphere, but the colds and common blasts, 
of our unsuited social climate, though w^holesome to the Ameri- 
can-bred spirit, were unfit to nourish his delicate constitution, and 
he drooped, faded and disappeared, leaving to us a remembrance 
of a bright soul, a gle^m of a pure character, — a wearie<l fire-fly 
struggling in the tempest, a rose that wasted its fragrance on the 
desert air. 



GENESIS OF IRON ORES BY ISOMORPHOUS AND 
PSEUDOMORPHOUS REPLACEMENT OF 

LIMESTONE, ETC. 

By Jameo p. Kimball, Washington, D. r. 

(Continued from the Amenom Journal of Science^ Vol. .\iii, Sept , 1891.). 

Progressive studies of stratiform iron-ores throughout the- 
geologic series of stratified rocks, have led to a wide — almost uni- 
versal — acceptance of explanations of their development as 
products of chemical transmutations, or epigenesis. So far xvn 
based on unquestionable chemical reactions, these explanations 
differ mainly as to their application to given occurrences of iron- 
ores. What may be termed the replacement theory, has been 
held during the last decade to have a wide application, especially 
on this c^>ntinent, to iron-ores on horizons of originally ferrifer- 
ous limestone and other calcareous material. However, the appli- 
cation of this theory may be restricted from considerations of 
synchronous, or immediately successive, accumulations of the 
two kinds of material — calcareous and ferriferous, it will ob- 
viously be much the wider if it ma}' be believed that replacing 
salts of iron are often from extraneous sources, and that the pro- 
cess of replacement or chemical interchange is through circum- 
stances of atmospheric and topographic, as well as stratigraphie 
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or lithologic, environment. This I have endeavored to show in a 
recent memoir. By way of continuation of that memoir I proceed 
to instance a num)3er of examples iUustrating the general points 
under discussion. 

/. Ii'oit Ores of the Suh-carboin/erous Limestone of eastern 

Kentuchif. 

Pseudomorphous replacement of Sub-carboniferous limestone 
by reddish brown limonite was recognized b}' Shaler as the mode 
ojf occurrence and genesis of well-known developments in eastern 
Kentucky.* The source of iron salts is referred to overlying 
coal-measures, all more or less p^'ritous, and mainly consisting of 
siliceous sediments. Replacement has taken place unw[ually, 
apparently as circumstances of environment have varied. This 
has proceeded from without inward, that is, from alx)ve down- 
ward. Cross-fissures and anfraetuosities throughout the mass 
attest contraction. The degree of chemical replacement of 
limestone is in measure of vertical sections of ore-deposits. 
These often rise above the general level of the top of the lime- 
stone, owing to comparatively even shrinkage or chemical erosion 
of the limestone through solvent infiltrations. 

Occasion will be taken to refer to similar occurrences in Ohio 
on the same horizon. 

//. Replacement of coral-rork (limestone), Cuba. 

In tracing the genesis of some very remarkable isolated bodies 
of mixed brown and red hematite (turgite) occurring on the south 
coast of the eastern peninsula of Cuba, I described them in the 
year 1884 as replacements of limestone in the form of elevated 
and disrupted coral-reef, or only partially indurated coralline 
limestone.! The replaced masses of limestone still retain sur- 
faces characteristic of planer?} of fracture such as may be ob- 
served in costal cliffs of emergeil coral-reef. Indistinct casts of 
corallum partially transformed into hematite are occasionally 
found, the cells being filled with chlorite. The condition of form, 
therefore, almost indispensable to proof of pseudomorphous re- 
placement, is not altogether wanting. 

Si)me idea of the importance of the scale on which replace- 
ment in this instance has- been effected may be formed from the 
fact that the ort»-bodies referred to supplied during the year 189(1, 



*Geol. Surv. of Ky. 1876 [31 16. 
^Am, Jour, of .sV. xxviii (3), 1884, 416. 



I 



354 Tli^ Americati Geologist, December, im\ 

not less than v5G2, 0(58 tons of iron-ore, the proiluet of a single 
operation, that, namely, of the Juragiia Iron Compan}'. This 
pro<hict was over one-tjuarter of the total imports of ii-on-ores in 
the United States for the same perio<l. 

The same examples of moleenlar replacement on a grand or 
petrographic scale will serve to illustrate dependence of this mode 
of ei)igenesis on circumstances of environment. These are seen 
to have been particularly favorable, as was also the extreme 
lX)rosity or permeability of the original coralline material. Suffice 
it to mention (1) envelopment of masses of this material with 
basic eruptive diorite, rich in iron silicates; and (2) climatic con- 
ditions spi^cially conducive to secular weathering of superficial 

rocks. 

Some of the iron-ore bodies exhibit concentric structure, a re- 
sult of progressive weathering — the same as exfoliation on a 
smaller scale — easily mistaken for (iua([uaversal dips. Numerous 
shrinkage fractures due to contraction incidental to alteration, as 
well as larger manifestations of mechanical fracture, are filled 
out with chloritic material from decay of the dioritic magma and 
detritus. Thus masses of iron-ore are reticulated with bands of 

chlorite. 

Incidental to secular (UH?ay of the mantle of diorite enveloping 

masses of limestone, chemical interchange or double decomposi- 
tion was etfected between fixed calcic carlxmate and dissolved iron- 
salts. Ferrous carlM>nate, directly passing into ferric hydrate, 
was left Ijehind. and lime salts were dissipated. The partial de- 
hydration of ferric hydrate into ferric oxide (turgite), the product 
of further alteration, may, tus shown by Davies and Rodman, 
pi*oceed from only slight elevation of temperature.* There is no 
evidence, however, that these ore-bodies have been deeply buried. 
Indirect replacement in this instance has therefore been under 
exposure to an oxidizing atmosphere. 

The metasomatic development of the iron -ores at the V>ase of 
the Sierra Maestra dates from an era no more remote than the 
Cenozoic. when this coast range was added to the island of Cuba. 

Ilf. Kej)7fnriiiP)it of Citrhtniiferon^ ami Slhiridn JjimPsfoneSj 

(\)Jorado. 
>Ir. S. F. Emmons hiis shown extensive replacement of Lower 

(Carboniferous and Silurian limestones to have resulted in occur- 
*JoHr. CJi4'm, Soc, ir, iv,69. 
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Fences of iron-ore, a mixture of hematite and magnetite, in Breece 
Hill, and of limonite as well as a more or less ferriferous gangue 
of epigenic silver ores at Leadville, Colorado. Here transmutii- 
tion has been effected between limestone or dolomitic material 
and iron sulphates through aqueous infiltrations from adjacent 
intrusive porphyry. In the decay of the porphyr\' is involved 
vitriolization of pyrite, contained in this rock up to four per cent. 
The process of deposition of silver-ores as well as of ferriferous 
material, as concluded by Kmmons, *'was a metasomatic inter- 
change with the material in which they were deposited.*' That 
is, '*the material of which they were composed was not a deposit 
in a pre-existing cavity in the rock*' (limestone) but -'the solu- 
tions which carried them gradually dissolved out the original 
nx?k material and left the ore or vein material in its place.''* 

Occurrences of limonite near Hot Springs, Colorado, as de- 
scribed by Mr. C. M. Rolker, also afford striking examples of 
replacement of limestone, t 

IV, Replacement ttf Upper SiJurntn {Clinton) Jjinieafones. 
Parts of thin fossiliferous limestones of the Clinton group of 
strata are often replaced by red and brown ferric oxides from 
extraneous sources. In the Appalachians of southern Pennsyl- 
vania, for example, where T have long had opportunity of closely 
observing the mode of occurrence of these ores, especially in 
flanks of Tussey, Dunnings and AVill's mountains, fossil-ores, so- 
called, rarely oolitic, occupy the weathered zone of highly fos- 
siliferous l)e<ls of limestone intercalated wnth shales and sand- 
st^mes. This replacement has been wrought especially in steep 
dips by infiltrations from drainage of adjacent ferruginous strata, 
particularly of an inferior.series outcropping topographically higher 
in the flanks of these parallel wall-like ridges. At or near water 
level or drainage level, and in top<:)graphical positions unfavor- 
able U) weathering action, or to sources of infiltrations, replace- 
ment has been found to cease. Super-saturation as at water-level, 
and impenetration of solutions from topographical causes are 
e(|ually unfavorable for this process. 

In portions of limestone beds lM)rdering ravines down the 
mountain-side, <lissolution of limestone sometimes has failed 
above immediate drainage level to be attended with replacement 

*l', 8. (ieol. Surv. xii, 18«tJ, Ft. 2, 378, 540. 
tTrans. Am. Inst. Min. Eng., 1885, xiv, 200. 
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of ferric oxide. Yet in such circumstances the limestone has 
given way to the dissolving action of passing waters, leached 
insoluble residues retaining its original structure, as well as 
moulds of fossils, occupying its place along with creepings from 
adjacent strata. Here transmission of seepage water has i)roved 
too rapid for other than solvent or destructive action to have be- 
come sensible. 

Another local circumstance is also deserving of mention. It 
is this. Opposed to a rapid transmission of infiltrations in water- 
sheds between successive cross-ravines is a barrier known as Red 
Ridge. Constituted of a compact series of arenaceous argillite, 
this is locally developed at the top of the Surgent shales, and 
stratigraphically al)ove, but topographically in front of, the plane 
of the ore-limestone. Near where this barrier is scored bv cross- 
ravines, underground as well as superficial drainage has become 
accelerated. Preservation of Red Ridge from local erosion has 
therefore come to be regarded in Bedford and Huntingdon coun- 
tie^s, Pennsylvania, as indispensable to a favorable development 
of the fossil -ore bed back of it, or to the absence of '^wants. " 
Of these the distribution and extent are thus mainly determined 
by conditions of underground drainage as affected mostly by 
topographical features. Gentle dips under steep slopes are for 
obvious reasons inconducive to infiltration. 

The above remarks directly apply to the more or less hydrous 
fossil-oreii of the Appalachian ridges in southern Pennsylvania, 
as distinguished from oolitic hematites, or dyestone ores, like- 
wise developed in favorable circumstances on lower horizons of 
thin crinoidal limestones within compass of the Clinton or Sur- 
gent formations. Both types of ores, and often lx)th series of 
developments, are generally referred to indifferentl}^ as Clinton 
fossil-ores. The stratigraphical relations between these two series 
of developments, even where both may be recognized in a single 
ridge or section, are extremely variable. In southern Pennsyl- 
vania, where the Clinton shales attain a thickness of nearly 1,200 
feet, the fossil-ore bed is al)out 400 feet alx)ve the horizon of the 
Frankstown oolitic or dyestone ore, which in turn is about 300 
feet above that of the block-ore, so-called. All of these ores owe 
their development, as I believe, exclusively to secular replace- 
ment of elevated parts of these limestones — not, as sometimes 
explained, to direct sedimentation in whole or in part. For 
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wherever oolitic iron-ores are developed within the Clinton series, 
they are fonnd to graduate into non- ferriferous limestones, more 
or less crinoidal, and usually in circumstances only moderately 
favorable to weathering action. An equally significant fact is the 
absence of valuable iron-ores where the Clinton limestone, as in 
southern Ohio, is massive and unaccompanied by a considerable 
thickness of overlying shales. AVherever, on the other hand, the 
limestone occurs in numerous thin beds, and so alternates with 
more or less ferruginous shales; or again, wherever overtopped 
by shales, it seldom fails, especially in steep dips, to graduate 
unequally into oolitic hematite by replacement. Even in Ohio, 
where the Clinton group is represented by a single but compara- 
tively thick limestone member under gentle dips, the upper por- 
tion of the limestone is sometimes replaced by hematite,* though 
of no economic importance. Imperfect replacement likewise 
occurs where the limestone becomes shal}' and expands in thick- 
ness. 

Non-ferriferous Clinton limestones, more or less magnesian, 
into which their associated iron-ores graduate, may be assumed 
to have been deposited in clear and moderately deep continental 
♦seas. That these seas were ramified by all but insulated land- 
surfaces is indicated by the abundance of intercalated siliceous 
sediments from sub-aorial rock-decay. It is sometimes held that 
these limestones, and at least the oolitic hematites developed upon 
the same horizons and passing into each other, were necessarily 
deposited together. Yet direct ferric precipitation from ex- 
tremely instal)le natural solutions of ferrous salts cannot well be 
believed to have taken place so far from inland sources as where 
conditions existed favorable to the accumulation of non-siliceous 
and expansive limestones. 

Again, notwithstanding the fact that the Clinton iron-ores merge 
into pure marine limestones, have they, on the other hand, sometimes 
been assumed to afford proof of wide-spread marshes. A theory of 
this kind, however, is likewise opposed by the necessity of at- 
tributing expansive limestones of the Clinton type to mid-sea, 
and inferentially deep-sea, deposition. And the objection still 
stands that ferric hydrate in suspension, no more than ferrous 
salts in solution, can have materially contributed to marine non- 
siliceous limestones. The conclusion therefore seems justified 

*Oeol. Surv. of Ohio, vi, 12. 
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that whatever considerable proportion of ferriferous material was 
deposited within compass of the Clinton limestones, was alter- 
natelj' deposited in the form of siliceous sediments represented 
by intercalations of shale. Such intercalations are common in 
Pennsylvania and Virginia. A less theoretical objection rests on 
the fact that the distribution of the Clinton iron-ores clearly de- 
pends on secondary, and wholly adventitious, conditions connected 
with topography and environment.* 

The application to the Clinton iron-ores of the views discussed 
in the continued and present memoir, falls in with the conclusion 
of Mr. Aug. F. Foerste, published since the alK>ve was written, t 
Microscopic sections of Clinton, dyestone oolitic iron-ores from 
Pennsylvania, Georgia, and Ohio reveal, ac<x)rding t<> Mr. Foerste, 
all stages of replacement of calcic carbonate, lx)th cement and 
oolitic granules, by ferric oxide, the granules lieing fragments of 
Clinton species of water-worn bryozoans. ''In ncFcase, however, 
was anything noticed leading to the opinion that concretionary 
segregation of iron had taken place either around the bryozoan 
fragments or otherwise. Simple replacement of iron -ore was 
the rule, the attack l>eing made first on the exterior parts of the^ 
grains." According to the same observer similar occurrences are 
found throughout the (Minton belt wherever oolitic iron-ores are 
developed. 

V. Rephtcenu'iit of (\irhoiuferoas Jjimesfout'tf. 

Fi)on any theory of epigenesis of siderite. sphierosiderite, and 
sideritic limestone, their greater distribution would seem to l>e 
natural under conditions for their preservation unalterwl, such as 
may be recognized in environments where atmospheric air is dis- 
placed by mixtures of hydro-carlM)n gases and carl>onic anhydride, 
as in formations of the (^irboniferous period. 

The so-culled upper limestone-ore in eastern Kentucky, is, like 
the Sub-carboniferous or lower limestone-ore of the same region, 
described by Shaler, a product of alteration of pseudomorphous 
siderite after limestone. This is a replacement of upper parts 
of the Ferriferous limestone dividing the Lower (\)al Measures, 
and co-extensive with the same division of strata in western 
Pennsylvania, West Virginia, eastern Kentucky and southern 
Ohio, where although known under a common designation, it is 

♦See Cat by W. M. Chauvenet, Report Tenth Census xv, 188(5, 396. 
tAm. Jour, of Sc. xli, 181)1, 28. 
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also BometiHi.es otherwise identified. According to Orton, this is 
the Gray limestone of Newberry, the Putnam Hill limestone of 
Andrews, the Ferriferous limestone of the same author, and tlie 
Gray and Hanging-Rock limestone of Orton. The iron-ore, with 
which parts of this limestone are replaced, both in the form of 
siderite and of its altered product, is identified with the Clarion 
ore and Buhrstone ore of western Pennsylvania, the Baird ore of 
the Hocking Valley, the Limestone-ore of southern Ohio and the 
Upper limestone-ore of north-eastern Kentucky. Over 200 
blast-furnaces in these regions have drawn a supply of iron-ores 
from this particular horizon.* The average thickness of the re- 
placements in southern Ohio is, according to Orton, alK)ut 10 
inches, and further to the north about 8 inches, though said by 
Hunt to l)e often two or three times these averages, as in Vinton 
County, t 

Superior portions of the Upper and Lower Freeport lime- 
stones of the ]<«ower Coal Measures are likewise commonly re- 
placed with siderite. This passes by alteration into limonite, 
sometimes in the form of concretionary l>locks or nodules from 
exfoliation or weathering of prismatic l»locks, separated by con- 
traction due to chemical transformation. Several horizons of 
sideritic limestone are identified in the same series in Pennsyl- 
vania, West Virginia and Maryland, more or less distinctly 
graduating into non- ferriferous limestone. Among similar occur- 
rences in the Lower Ban*en measures is the Johnstown siderite 
or ferro-calcite, identifie<l witli the Mahoning sandstone group. 

Mr. Bayard T. Putnam, referring generally to the limonites of 
the Coal Measures of Pennsylvania, remarks that they <K'cur 
along the outcrops of limestone-beds, and are in general simply 
the weathered outcn^ps of seams of carbonate-ore. + 

Above the horizon of the Sub-carboniferous limestone in Ohio, 
which has been shown to be replaced in part with siderite or its 
drivatives, that is, between this horizon and that of the Ferri- 
ferous limestone, several limestones of the Conglomerate series 
are likewise apt to be replaced with siderite in a more or less 
altered state. Such occurrences are notably the Zoar or Blue 



♦Orton, Kev. of Stratigraphical Geol. of eastern Ohio, Columbus^ 
1880, 29. 
tMin. Res. of the Hocking Valley, Boston, 1881, 44. 
JU. S. Census, 1886, xv. 202. 
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liracHtone of Newberiy, and the overlying Gore limestone of 
the Hocking Valley — lK)th members of the Mercer group of 
strata. 

Many well known horizons of siderite in Penns^'lvania and 
bordering States have l>een described ])y Stevenson. The Mount 
Savage ore-group of the Conglomerate series is worthy of men- 
tion* One plate or more of siderite occui*s in the Mauch Chunk 
red shale, in many places local lenticular stratiform plates of 
siderite extend for a few hundreds to a few thousands of fe(»t 
with a thickness up to four feet. In the Vespertine of Green- 
brier Co. . of Virginia, an occurhence of this kind has been de- 
scribed by Rogers, and more recently by Mr. W. N. Page.t 
Comparatively thin, lenticular or stnitiform developments of this 
<lescriptiou may l>e assumed to be complete replacements of non- 
persistent limestones of estuarine origin. 

Incomplete replacements of Carbonifen>us and Sub-carbon- 
iferous limestones of the Appalachians are, on the other hand, 
devoid of terminal edges, or other well defined demarcations such 
as appertain to lenticular beds conformable to the configuration 
of hydrographic basins. They are thus perceived to be wanting 
in characteristics of sedimentary or metamorphic deposits. 
This obviously would not be the case, if these developments wer< 
primarily due to mechanical or chemical deposition in the natural 
order of succession of beds bv which thev are enclosed. That 

ft.' ft. 

they do not occupy pre-existing cavities produced by mechanical 
or chemical erosion is likewise certain from the fact that thev 
sometimes merge into limestone. That they are not crystalline, 
or characterized by other phenomena of segregation, is conclu- 
sive negative evidence of some other origin. Thus, there seems 
to be no alternative but to consider these developments due to 
molecuhir replacement of limestone, of which mode of origin 
indeed there is no lack of positive and direct proof. Hence, in- 
ductively, again the conclusion that complete or strictly pseudo- 
raorphous replacement of limestone luis been wrought in the case 
of stratiform develoi)ments of siderite and its derivatives, the 
iron-ores still retaining perhaps physical features of the original 
limestone in common with stratified deposits. 



♦Second Geol. Survey of Penn. KK. 

jTrauB. Am. In8t. Mm. Eng. 1888, Extract, p. 4. 
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VI. Limonttcs (and cry stall Inv. iron-ores) of the Loirer Silurian 

linwstoncs. 

That epigenic relations of some sort subsistbetweeii tlie limoii- 
ites and the Lower Sihirian limestones with which the}' are asso- 
ciated throughout the Api)ahachian valleys, was distinctly pointed 
•out by W. B. Rogei*s over half a century ago. Their relation 
with ferruginous shales and sandstones alternating with the lime- 
stones is almost equally intimate. Not only wits the epigenic or 
secondary origin of these limonites recognized by llogers. but 
their mode of occurrence, that is — not as consecutive members of 
formations between which they outcrop and often appear to be 
imbedded, but as irregular accumulations comparatively shallow or 
altogether superficial. Sometimes lining, so as to occupy, 
enlarged fissures of stratification for a limited extent, they 
are still liable to be mistaken for regular or bedded depos- 
its. Others, occupying in like manner enlarged fissures of 
cleavage or jointing in limestone, are sometimes assumed to Im* 
of the nature of segregations or mineral lodes. \\\\t their 
most common occurrence is in what is often described as super- 
ficial basins or other depressions on imperfectly drained* sur- 
faces and slopes upon a limestone floor, in proximity to lime 
-stone, or within compass of its extended lines. This superficial 
association of limonite with the Silurian limestone.s themselves is 
jsometimes considered to be simply owing to the cavernous condi- 
tion of limestone^ and to its liability to unequal erosion; whence 
the occurrence of local depressions, or sink-holes produced by 
subsidence, which -have eventually become reposit<n'ies of iron- 
wores from purely adventitious precipitation of ferric hydrate 
from passing w^aters. Pre-existing caves and crevices are like- 
wise assumed to be so filled out with this deposit, or even by 
mechanical accumulations or "in- washes' ' of ferriferous material.* 

To the general, or even a wide, application of such a view to the 
occurrence of important deposits of iron-ores serious objections 
arc opposed. Fii*st caves and cavities of this kind have been 
produced by solvent action of circulating water. Second, what- 
ever insoluble products, including ferric hydrate, are separated 
from moving waters remain in suspension and finally escape. 
Third, possession of superficial depressions by detritus, calc- 
schutt, etc., prevents them from becoming open receptacles of 

♦Newberry; School of Mines Quarterly, Nov. 1880, Reprint p. 10. 
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unmixed chemical precipitates. Displacement of detritus must 
therefore precede separate deposition of homogeneous material^ 
except by molecular replacement of limestone surfaces, calcar- 
eous detritus and calc-schutt. Physical displacement happens, if 
jit all, by means of torrents, from which again no chemical 
deposition takes place except possibly by replacement, or at least 
only for a time. Important deposits of limonite free from de- 
trital admixture, even of clay, ordinarily, at least preclude an 
explanation of their mechanical accumulation in pre-existing 
cavities. 

Yet it is true that among the great variety of circumstances of 
environment and topography in which development of limonite has. 
taken place on horizons of Lower Silurian limestones, instances 
there are where caves, cavities and enlarged crevices, once chan- 
nels of rapid transmission of waters, have eventually been ob- 
structed by falls of rock or otherwise, and, so cut off from 
drainage, have finally liecome quiescent reser\'oirs of mineral 
waters. In this way vacant spaces in calcareous beds may in 
some instances have become repositories of uninterrupted deposi- 
tion of ferric hydrate either by precipitation, or by indirect re- 
placement of limestone surfaces or calcareous contents. Limon- 
ite as sometimes occurring, and Ijearing evidence of having 
probably been formed in this way, has pn>ved not uncommonly 
more enduring than the limestone itself, the destructive erosion 
of which it has survived in the form of outlying masses. 

Ordinary accumulations of limonite thrown down in caverns^ 
sink- holes and other depressions along with detritus, within the 
limestone ore-belt of Pennsvlvania, have been well characterized 
by Mr. dlnvilHers.* Some of the obstacles in the way of a l>e- 
lief that pre-existing cavities often afford lodgement to import- 
ant ore-deposits have Ikmmi ai)tly stated by Kmmons.t 

Unaltered sidente in irregular shai>ed masses, sometimes oc- 
cnrs in the midst of limonite in ore-banks ui)on horizons of the 
Lower Silurian limestones as in Columbia and Dutche«s counties, 
\. Y. ; at Hiclunond and West SttK'kbridge, Mass., and at a few 
points in JVnnsylvania and N'irginia. These occurrences af- 
ford whatever grounds be found for a theory of original 
<leposition of eoneentnited ferrous carbonate, intermittent, that 

♦Second Geol. Surv. of Penn. An. Rep. 18H6, iv, p. 418. 
tTrans. Am. Inst. Min. Eng., 188<i, Ex. p. o. 
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ia, and even concurrent with sedimentation of the material of 
these massive limestone formations. Any change of sedimenta- 
tion, such as contemplated in this theory, even if chemically 
iiupposable, would have resulted in lenticular configuration of 
siderite, or of its derivatives, a feature as al>ove pointed out, 
probably possessed by siderite only in the case of complete or 
pseudomorphous replacements of lenses of limestone. 

I have, in a previous paper, described lenticular occurrences of 
siderite at Burden, Columbia county, N. Y., on the horizon of a 
thin non-persistent and probably estuarine Lower Silurian lime- 
stone. * Whatever theory be entertained of their epigenesis, this 
must be perceived to be closely connected with overlying clastic 
ferruginous accumulations, the whole series occupying in-shore 
clepressions in an undulating bottom overspread with calcareous 
material. In the paper referred to, these basin-like deposits, 
which in ()oint of identification with Silurian members, are, I be- 
lieve, so far as known without parallel in this country, were sub- 
ittantiall}' explained as probably instances of physical replace- 
ment of limestone by ferriferous accumulations, graduating up- 
wards into ferro-calcareous grits. The transgressive character of 
.these grits appears from the fact that their development is limited 
to the basins themselves. Their thickness in any given vertical 
section is proportional to the thickness of the ore. The grits as 
well as the siderite are distinctly lenticular. The siderite was 
-considered as a metamorphic product from reduction of ferric 
hydrate in reaction with commingled organic matter. 

Having since come to the conclusion, through a critical exami- 
nation, in another place followed out, of the several theories of 
<epigenesis of siderite to be found in treatises and text-books, that 
4ill are at variance with chemical obsen'ations, or opi)osed by objec- 
tions on physiographic grounds, I am now forced to believe that 
these interesting occurrences require a different explanation. They 
seem, indeed, to present no exception to the explanation of epi- 
genesis of siderite by chemical replacement of alkaline mono- 
carbonates, but on the contrary to afford striking examples 
«0f complete or pseudomorphous replacement of limestone 
beds. 

Indirect replacement of limestone (II) by limouite at the Hurst 
•ore-bank, Wythe Co. , Va. , has been graphically described by 

♦Am. Jour, of So. xi*, 1890, 155. 
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Mr. Benton.* A useful section of six feet by this observer shows 
beneath the soil (1) limestone, with crevices filled with limomte; 
(2) limestone softened and decomposed, with crevices containing 
more limonite than No. 1 ; (15) meshwork of limonite almost com- 
pletely replacing the limestone, and including residual ochre and 
fine sand; (4) complete replacement of limestone by honeycomb 
ore. Reticulation of limestone by limonite is seen to be pro- 
gressive downwards until no remnants of limestone are left except 
in the form of insoluble residues occupying druses. These afford 
some measure of the contraction incidental to replacement. 

Another striking example of the same kind given by Prof. 
Dana, has been referred to in the memoir, of which the present 
pages are by way of continuation, namely, in the Cone ore-bank 
at Wc^t Stockbridge, Mass. t Its description by this observer is 
jis follows: 

'*Sev'eral layei*s had become wholly replaced by pure limonite, 
and one of these so changed was a yard thick. Some surfaces 
of the limestone were intersected by cracks, making areaB three 
to six inches across, as represented in the figure; each crack hav- 
ing a Iwnler of limonite either side, an inch or so wnde. "J 

The same authority is cited by Mr. Prime for direct replace- 
ment of limestone by siderite ultima tel}^ weathered to limonite, 
namely, at Richmond. Mass. ^ This occurrence, like others ob- 
served by Prime at Ralliets ore-bank near Allentown, Pa., and in 
another ore-bank near Ilellertown, Ijoth in close relation to the 
Calciferous limestone and schists, is, as concluded by him, an in- 
stance of ' 'alteration of the limestone to carlK)nate of iron parti- 
cle by particle, or so to term it, a pseudomorph by replacement."" 
The same writer attributes the limonites of the Calciferous lime- 
stone aiKl schists in a general way, to alteration of ferrous car- 
bonate produced by reaction of ferrous sulphate with calcic car- 
bonate*, both diffused and nuussive. 

Remnants of notably pyritous material have been observed in 
many of the limonite workings of the Green mountain belt of 
JiOwer Silurian limestones and their southern extension, especially 

♦Uep. Tenth Census xv, 1880, 275. 

tSee Am. Jour, of Sc. xLrr, 1891, p. 234. 

JAm Jour, of Sc. xiv, 1877, 180. Several excellent cuts illustrating 
the transition of limestone into iron-ores have been given by Mr. 
Chauvenet, Uep. Tenth Census xv, 1880, 292, 296, 297, 299. 

^Am. Jour. Sc. ix, 1875, 140. 
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in intercalated or adjacent schists. Numerous analyses by tlie 
Second Geological Survey of Pennsylvania indicate the presence 
of sulphur in almost all of the ores of the same belt in that 
State. The dissemination of visible pyrite throughout unde- 
composed parts of l>oth limestone and schists is also noteworthy. 
This seems to be in about the same minute proportion that fer- 
rous c:irbonate is often similarly represented. The epigenesis of 
the latter is probably from pyrite. But hitherto the most remark- 
able evidence of pyritous material in the development of limon- 
ites associated with the same limestone series has been found in 
Alabama. In that region concentrically weathered or foliated 
masses of limonite isolated on the hill-tops by erosion of enclos- 
ing clay, the residuum of decomposed schists, sometimes retjiin 
nuclei or cores of undecomposed and highly pyritous rock. Cen- 
tral portions of other masses of limonite consist of siderite. 
Hence the not uncommon occurrence in limonite workings in 
limestone of ribs, masses and nuclei of siderite, ferro-calcite or 
limciitone, from incomplete replacement, or incomplete subscMjuent 
alteration. Hence also similar occurrences of pyritous residuums 
in limonite developments nn adjacent or transition schists. 

In given instances, be the mode of replacement of limestone 
by ferrous carbonate what it may, whether from styptic or chaly- 
bic solutions, or whether f)riginally or eventuall}' introduced into 
Siluro-Cambrian limestones, in the lower member of which series 
(Calciferous) limonites have been so extensivel}' brought to light 
in Appalachian valleys, th(*re seems much reason to conclude, 
as sometimes held, that in the course of chemical erosion of the 
limestone and of decay of relatetl schists, very considerable 
accumulations of residual limonite have resulted from alteration 
of dilTused ferrous carbonate or pyrite. not ex<'eeding two and one- 
half per cent., to stable ferric hydrate. Parts of the .same 
series exposed to weathering or erosive action, and conimonlv 
l)elow the full thickness, seem, in certain instances at least, to 
be^r some proportion to the thickness of related accumulations 
of limonite. That is, the verticiil range of the residual limonite 
seems to be in proportion to the thickness of limestone eroded, or 
rather to the measure of its shrinkage. Vet along with the es- 
cape of dissolved lime and nugne-iia salts in iulmsuh^ of chemi- 
cal erosion, there is also dissipation of iron salts. 

According to Lesley, limonite or pipe-ore, so-called, has a 
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stratigraphic range in Huntingdon County, Pennsjivania, near. 
Warrior'H Mark, of at least 1,250 feet. The whole thickness of 
the Calciferous — Chazy — Trenton series of limestones to the bot- 
tom of the Hudson River group, there attaining its maximum de- 
velopment in that State, is estimated by the same authority at 
7,750 feet. A thickness of 6,000 feet of this series, as esti- 
mated by Prof. A. L. Kwing, has been removed from the Nit- 
tany Valle}' anticlinorium U) form that valley, or at' least 1,000 
feet in vertical range, mainly by chemical erosion.* 

McCreath's analyses have shown ferrous carbonate up to 2i per 
cent, to be widely distributed in Lower Silurian limestones. The 
question arises when this was introduced — whether before deposi- 
tion of succeeding schists or afterwards? 

That this anhydrous salt was not .directly deposited seems on 
chemical gnninds almost certain. Is it then exclusively a product 
of replacement of calcic carbonate through solutions of iron 
salts from extraneous sources, and introduced subsequently to 
envelopment with ferro-siliceous sediments? Or, is it, in part at 
least, the product, practically in J oat orlginall. of reactions be- 
tween calcic carbonate in place and vitrioKzing particles of pyrite, 
originally reduced from ferrous sulphate in sea-water through 
remnants of animal matter in accumulating calcareous sands? 

The researches of Dr. A. A. Julien into variation of decoui- 
()osition in the iron-pyrites series, led him to the conclusion that 
the original condition of iron sulphides along the Appalachian 
belt was that of pyrrhotite. To whatever degree, in that case, 
this mineral may have survived sub-a!^rial rock-decay, and been 
accumulated along with liower Silurian sediments, would it serve 
iis an extremely productive source of iron salts, through decom- 
position by carbonated waters, including alteration into marcasite 
and pyrite. 

Kven this initial transformation, as indicated by Hischof,t is 
attended by elimination of 25.54 per cent, of iron, and by con- 
traction of volume not less than !J2 percent, as estimated from 
relative densities. Hence promotion of permeability in the con- 
taining rock through d'v»velopm'.Mit of cavities. From surplus 
iron extracted by carl)onated waters is doubtless developed fer- 
rous carbonate*. i)V reaction with calcic carbonate, or else ferric 



*See (Jeol. Surv., Pa. T,, pp. 422, 424, 454. 
+Cavendi8h Edt. HI, 455. 
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hydrate — as determined by atmospheric environment. This re- 
action ma}' be assumed to be common both to limestone and ad- 
jacent transition schists, and even less closely related siliceous 
schists. 

Iron sulphides, sometimes visible in sound Lower Silurian 
limestones, seem to be developed in about the same minute pro- 
portion that ferrous carbonate is often revealed by analysis. 
Limonite developed by epigenesis on horizons of these limestones 
and of adjacent schists commonly affords traces of sulphur, as 
pointed out by Mr. Prime. Much larger proportions of iron sul- 
phide are notably developed in the schists. 

Tt mav therefore be concluded that both immediate and ex- 
traneous sources have contributed to fixation of ferrous carbon- 
ate as now found in parts of these limestones and associated 
schists; and that in)n was received by these sediments in a car- 
lM)nated atmosphere before or durinof their consolidation as well 
as afterwanls. 

This conclusion seems to be in line with Dana's* numerous ob- 
servations in western New England and eastern New York, as well 
as with those of the Second (leological Survey of Penn83'lvania, 
and to fall in with certain general deductions of Mr. Primet and 
of Dr. J u lien. J 

Besides limestones of the Siluro-Cambrian series, other lime- 
stones of the Silurian and Devonian periods give identification to 
occurrences of epigenic limonitic iron-ores. These are irregular 
shaped masses often described as lenticular (but in an opposite 
sense of that term as applied in this memoir) between limestone 
and adjacent ferruginous strata. Thus occupying lK)rdering 
divisions of strata, they not infre(juently assume to partial view 
semblance of interstratified deposits with which they have some- 
times been confounded. 

Such relations, however, point more or less distinctly to re- 
placement of calcareous material through essentially superficial 
agencies, and to circumstances of attitude and environment 
favorable ^> epigenesis of limonite. These circumstances are 
ordinarily less obscure and complex than those which govern the 

♦Besides the several papers by Prof. Dana already cited, touching the 
present subject, mav especially be mentioned one on Berkshire Geology, 
(Berkshire Hist, and Sc. Soc, Pittsfield, 188G.) 

tAm. Journal of 8c. l.\, 1875, 432. 

JAn. New York Acad. So. Ill, 1886, 393, 399. 



368 The Arnev lean Geologist. D^-cember, i89i 

distribution of accumulations of iron-ore connected with the lower 
series of limestones, mainly on account of the distinct configura- 
tion and undisturlied relations of the accumulations themselves. 

VII. RrplaccmPht of Crystalline iron-ores. 
According to Lesley and dlnvillers the famous magnetite de- 
posits at Cornwall, Pennsylvania, like the developments of brown 
hematite on the same horizon throughout the Great Valley, were 
originally a formation of Lower Silurian magnesian limestone l^eds. 
*»It may safely be said,*' as remarked by these observers, 
**that the Cornwall ore-mass has experienced thre^» stages of 
development; l>cing originally a formation of lime-shales; then 
becoming* a great brown hematite formation; and finally a mag- 
netic ore- for mat ion,"* 

The advanced metamorphism of the original ore-replacement 
from limonite, or perhaps from siderite, to magnetite, is a 
phenomenon which there is much rejison to believe, is connected 
with local doleritic intrusions alon^: the edjje of the Pennsylvania 
Mesozoic, as also in the case of other occurrences of magnetite 
on the same horizon at Boyerstown. DillsVmrg and elsewhere in the 

same State. 

Replacements of metamorphic limestone by other types of 

cr^'stalline iron-ores have recently been observed l)y me in St. 
Lawrence Count v, X. Y. Here the Calciferous limestone has 
become crystalline, and its ore-replacements have become meta- 
morphosed iiito red hematites or anhydrous ores of the specular 
type. At Pierrei>ont, highly crystalline specular ore, of splen- 
dent lustre. ()ccui*s in white metamorphic limestone of Calcif- 
erous age. 

Taken in connection witii my [uevious memoir on the present 
subject, the foregoing facts, here ver}' briefly considered, tend to 
prove that r(»placement of Palaeozoic limestones, and other cal- 
careous material, including calcic carbonate from decay of 
siliceous schists, has been wrought inditferently from l)oth in- 
filtrating ciialybic and styptic waters, through surrencler in each 
case of a weak base like ferrous oxide for a strong base like lime. 
I have also sought to indicate some of the circumstances of at- 
mospheric environment, topograph}' or vicissitudes governing 
l)reservation, or — on the other hand — alteration of the product of 

♦An. Hep. of the Geol. Surv. of Penn., for 1885, 1880, p. 539. 
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direct replacement; and to attach what is conceived to be dne 
significance and importance to such circumstances. 

Chemical replacement of limestone by ferrous carbonate, it is 
hardly necessary to remark in review, proceeds from surfaces of 
cleavage and stratification, wherever penetrated by infiltration of 
atmospheric waters from neighboring permeable femiginous rocks 
like schists and shales; or, again, from surfaces and interstices of 
rocks, wherever calcic carl^>nate is produced by decomposition of 
silicates. Or, still again, solutions of lime and iron salts from 
one or the other source, give scope to similar and successive re- 
actions. Hence transmutations within compass of lx)th limestone 
and adjacent schists. ^Mixed detritus from lH>th kinds of strata, 
and overspreading considerable surfaces below the level of de- 
velopment or outcrops of such strata, also give place to like re- 
actions. Hence numerous shallow deposits of limonite at the 
base and on slopes of Appalachian ridges. Much of the ferric 
hydrate which appears due to tardy precipitation at considerable 
distance from sources of iron-salts is doulitless from indirect re- 
placement of limestone schutt. 

VIII. Rvphn't'ini'ut of Ciuuhruiii Ijinirsfours, Luhe Superior 

region, (tntl Missonri. 
The notable occurrences of crvstalline iron-ores at Iron Mount- 

« 

ain, Shepherd Mountain, and Pilot Knob in Missouri, within 
developments of stratiform porphyritic petrosilex (hiillafiinta) 
wjus ascribed by Pumi)elly, in the year 1872, to replacement of 
limestone.* Development of the petrosilex was also supposed 
to have resulted from chemical processes of replacement. How- 
ever this may be, it is not diflicult t^) imagine development of 
petrosilex from a siliceous limestone, or from a limestone inter- 
calated with siliceous matter, concurrently with replacement of 
the calcareous material by iron-ores. Developments of this kiiul 
may be regarded as akin to the jaspery foliations of petrosilex 
along with crystalline ores in the Lake Superior region, the genesis 
of which l)y replacement of calcic carbonate has recentU' been 
traced by other geologists. 

The relations of specular or hematite schists in the Lake Su- 
perior region to siderite, and the phenomena of its original de- 
velopment and distribution have* recently been treated, first, by 

♦Geol. Surv. of Missouri, 1873; Iron Ores, 26. 
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the lamented Prof. R. D. Irving, and later by Mr. D. II. Browne, 
and by Mr. C. R. Van Hise.* 

The conclusions of the present memoir seem, as may be 
claimed, to strengthen the probability that occurrences of siderite 
and ferro-calcite, like those described bv these authors as the im- 
mediate source of hematite in the Penokee-Gogebic range of Wis- 
consin and Michigan, are of the nature of chemical replacements 
of limestone, and calcareous shales and grits more or less car- 
bonaceous. Such developments are douV>tless remnants of sider- 
itic material, of which the greater part has been further altered 
into brown and red hematite successivelv. 

As indicated by these writers themselves, from solutions of 
ferrous salts, replacement of calcareous material has been effected 
iiccordmg to local conditions determining circulation and inter- 
ception of these infiltrations. That this was once, or at least in 
part, direct, is shown by the development of siderite. Products 
of indirect replacement like ferric oxide proceed as in other in- 
stances either from spontaneous oxidation of the replacing carbon- 
ate, or from its tardy alteration. The part taken by dykes in the 
interception of drainage has particularlj' been shown by Van Hise. 

Replacement of limestone by siderite, and subsequent altera- 
tion of this epigene product are opposite phenomena incidental to 
essentially different atmospheric environment. Carbonic anhy- 
dride, or reducing gases, or a mixture of both, which may be 
assumed to have prevailed concurrently with the first process, or 
rather wherever this was set up, eventually must have given way 
to an ordiuar}' oxidizing atmosphere. The association of car- 
bonaceous strata sufficiently attests this point. 

FottKKlN KXA.MPLES OF REPLACK.VfKXT OF LI.MESTOXE BV 

mON-ORES. 

1 close the present memoir with a few brief illustrations of re- 
placement of limestone by iron-ores in well known and important 
developments in several parts of Europe. As such most of these 
have been distinctly recognized. 

IX. Jiephicemenf of Carbon, if cm us Unustone, Enylaud. 
The Carboniferous or Mountain-limestone series of the north- 
ern and north-midland counties of England, as in other parts of 
that island — especially in South Wales, consists of alternations of 
*Am. Jour. 8c. xxxii, 188«, 255; xxxvii, 1889, 32, 299. 
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thick limestones with thin shales and sandstones. The ligiestones 
are horizons of siderite and hematite, of which the larger de- 
velopments are irregularly distributed within compass of the cal- 
careous strata. Phillips* has given a selection of cuts which 
well serve to illustrate the phenomena of indirect replacement of 
limestone by hematite through alterable ferrous carbonate, as 
pointed out by Smyth, t and as attested by the presence of fossils, 
identical with those of the limestone, partially converted into 
brown oxide. 

X, Replacement of Mesozuic limetttoneHn Enylaud. 

The iron-ore occupying horizons of estuarinc limestone of the 
Lower or Bath oolites at the top of the Upper Lias series in 
Northamptonshire abounds with shells and corals converted into 
ferric hydrate. As animal life could not possibly have existed in 
waters charged with iron salts to the degree apparently indicated 
by the ore, Mr. Samuel Sharp concludes that the iron must have 
been introduced by infiltration after the deposition of the sedi- 
mentary material, t 

From ft microscopic examination, Sorby concluded that Cleve- 
land ironstf>ne of the Middle Lias of Yorkshire has been derived 
partly from mechanical deposition, and partlj' from subsequent 
chemical rt»pla(»ement of originally deposited calcic carbonate, 
'^which probably thus served to collect together from associated 
feiTuginous non -calcareous IkhIs a large part^f the iron' contained 
in this ore. This is particularly prove<l by pseudouiorphous 
siderite after aragouite penetrating nioUuscus .shells originally 
composed of that form of calcic carbonate.^ 

Lower Liassie beds of calcareous siderite or ferro-calcite occur 
in North Lincolnshire as upper members of a series of limestones 
and shales, and characterized ]»y a great abundance of Gi'ifphaea 
arrnata. The ore-series consists of alternations of unaltereil 
ironstone with thin limestones, together aggregating, acconling 
to a section b\' Mr. (Jeorge Dove, 1(> feet in thickness. The ore, 
as descril)e(l bv 3Ir. 1). Adamson, is iutercalatetl with ferriferous 
limestone carrying from S to 1(> per cent, of ircm. || 

♦Ore-deposits, 1884, 164. 

tMemoirs Geol. Surv. of Gr. Britain, Parts I-IV, pp. 18, 19, 25. 
JAn. Jour. Geol. Soc. 1870, 376; Judd, Mem. Geol. Surv. Gr. Br., 1875, 
186. 
§An. Jour. Geol. Soc. 1879, 84. 
Jour. Iron and Steel Inst. 1876, 827. 
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Lower Cretaceous, Wealden or Middle Neocomian calcareous 
istrata in the same county, give place to oolitic brown ironstone 
>vhich is described as highly fossiliferous as well as calcareous. 
The same strata arc overlain conformably by the Lower Green- 
sand series of arenaceous shales, w^ith which is imbedded lime- 
stone passing into ironstone.* 

XI. Replacement af Liosaic limestone Luxt'mhiiry and Lnrrainr, 
The oolitic limonitesof Jjuxem burg and Lorraine, eciuivalent with 
the ores of the Cleveland district of Yorkshire, and of the same gen- 
eral character, bear likewise evidence of replacement of limestone. 
Highly calcareous, as practically shown by their self-fluxing prop- 
erty, the}' contain remnants or nuclei of unaltered limestone, as 
well as numerous molluscus shells transformed into limonite.t 

XII. Replacement of Mesozoic limestones^ central France. 
Some very striking exhibitions of the class of phenomena 
which it is here sought to illustrate, are afforded on a large scale by 
well known deposits of limonite and hematite w^ithin the develop- 
ment of Jurassic and Cretaceous limestones in the ancient prov- 
ince of Berrj', now included in the Department of the Cher, in 
central France. I refer to occurrences recently studied by M. 
de Grossouvre. X A graphic description by this engineer leavers 
scarcely room for doubt of the origin of these deposits by in- 
direct replacement. In the elalx)rate memoir now referred to, 
no attempt is made to trace the process of epigenesis beyond the 
action of solvent chalybic waters in excavation of limestone, and 
in deposition of ferric hydrate in its place. So far from being 
the simplest statement of the process of indirect replacement, 
this explanation is upon the assumption of chemical erosion of 
the limestone as a distinct act antecedent to precipitation of 
ferric hydrate, or, however insupposable, of anhydrous ferrous 
carbonate. Hence, as imagined, the formation of caves, cavi- 
ties, basins, etc. , in limestone, followed by the filling of such 
receptacles with products of chemical precipitation. The same 
reasoning has often been applied to similar occurrences in this 
country and elsewhere. Reasons m general against such an 
assumption have already been given. The theory of molecular 

» ^ ' I f _ -III 

♦Bauerman, Met. of iron, 1872, 91. 

tM. A. Habets, Jour. Iron & St. Inst. 1873, 285. 

tAnn. des Mines x, 1886, 311-416. 
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replacement precludoa any such intermittent action on the part of 
a single agency. 

XIII. licpJacemcnt of Tvrtiary Ijinustonv, IIvshh. 
Epigenesis of oolitic iron-ores in Tertiary limestone of Jlhenish 
Hesse has substantially been described by Tecklenburg as re- 
placement of an oolitic limestone, the source of infiltrations of 
iron salts being an ui)per ferriferous limestone of the same 
series. * 

XIV. Rephiceiiiitnt of Pi'c-pahv.oxoic crystalline Itmcsfoitfut^ Banat. 

Some striking examples of replacement of crystalline limest<me 
at Kusskberg (Banat) by siderite passing into hematite on the one 
hand, and into magnetite on the other, were in other terms de- 
scribed by Mr. Rafael Hofmann, in the year 1854.t 

Like the other more important iron-ore deyelopments of the 
Carpathians, these are uiK)n horizons of pre-pala?oz()ic lime- 
stones. X 



Among other well-known deyelopments of siderite and its de- 
rivatives in continental Europe within limestone strata, suffice it 
in passing to mention those of Carintliia and Carniola; and not- 
ably those of the Styrian Erzberg near Eisenerz in Austria; also 
those of the llhenish jirovince of Coblentz and Siegen in Ger- 
many. ^ 

Commonly regarded as epigene products, these have usually 
been described by ( J erman authorities in various terms sisSU^cke, || 
Lagerstr)cke, GangstOcke, and Flr>tze, sometimes of direct deposi- 
tion successive in relation to enclosing strata, sometimes as me- 
chanical fillings or ''in-washes "of pre-existing spaces; and, again, 
as chemical segregations. In most of the conspicuous instances 
named, circumstances of environment and topography are such 
as to indicate more or less (Nearly molecular replacement of lime- 
stone or dolomite. 

M. Sibertzy, of the (ieological Survey of Russia, considers cer- 

♦Zeitsch, Berg— Iintten— and Salifien Wesen xxix 1881, 210. 

tGangstudien, II, 408. 

JVon ilauer — Geol. Oest. -Ungar. Monarchie, 1875, 194. 

§Senft. GeognoHie 1876, 451; Von Hauer loc. clt 223. 

J Dr. E. Reyer truthfully says that Geology and the miner call that 
form, as to whose form nothing is known, a Stuck. (Berg-u-Huetten- 
mannische Jahrbuch xxix, 1881, 26.) 
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tain iron-ores of that empire as products of replacement of Per- 
mian and Carboniferous limestones. Another Russian authority, 
M. P. Zemiatschensky, entertains similar views in respect to iron- 
ores of central Russia.* 

XV. Mediterrfiiiefm iron- ores a^ replacements of Jirnestonrs. 

1 — Iron-ores of Bilbao, Spain. 

No more remarkable developments of iron-ores can be in- 
stanced than those of the Biscayan province of Spain. These 
ores, known far and wide under designations of localities of 
numerous workings on the flanks of Mt. Triano, include those of 
8omonostro, Triano, and Matamoras, from which immediate lo- 
calities, according to Mr. Gill, over 2^ millions of tons was pro- 
duced in 1882, or 93 per cent, of the whole product shipped 
from the port of Bilbao during that 3'ear. 

These ores are of several amorphous types and gradations, in- 
cluding limonites, turgites and hematites, some of the latter verging 
upon the specular variety. They are of different degrees of purity, 
inversely proportional to their tenor of earthy silicates; and ac- 
cording to the degree, flrst, of replacement of limestone, and, 
second, of alteration from the condition o)f ferrous carbonate, 
from which all typos and gradations have evidently been de- 
rived. 

These important iron-ore deposits occupy the horizon of lime- 
stone, especially of a formation interposed between overlying 
fossiliferous argillaceous limestone, and a lower limestone under- 
lain by variegated and micaceous grits, containing nodular 
sphffirosidcrite, the whole series, of Middle Cretaceous age, Iwing 
much disnipted and dislocated. The ore, wrought in places to 
depths of over 100 feet, greatly fluctuates in thickness, owing to 
inecjuality in vertie^il range of replacement, whence obviously the 
uneven or billowy surface of the limestone floor, as described by 
Gill and others. Tn other places the limestone is fully developed, 
no replacement having Iwen effecteil. Again, the whole vertical 
range of the limestone is represented b}- ore, while at still other 
localities a lenticular bed of unaltered limestone separates the so- 
cjilied campanil, clearl}' 11 bematitic or transition product of 
alteration of siderite — more or less incompletely transformed, 

♦Cited in Bihl. of iron-ores. Ueol. Nat. Hist. Surv. of Minnesota, 
Bull. No. (J, pp. 320, 334. 
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fn)m tlu* uiulerlyiiig vpun dnlcv. Tliis is a soft linionito passin|j; 
into turgite and also graduating in plac^es into a harder variety 
known as vrna tivni, in which alx>und psendomorphous rhoniln)- 
hedrons of hematite, after si<lerite. 

The slrnly bhie limestone, containing rctjnivnin htrifffifu, an<l 
giving phice to ore-bodies on the nortli side of tlie divide l)et ween 
the Nervion and the Si)m<^)rrostro rivers (Mt. Triano). presents a 
eontinuons outcrop on the south side, and forms the crest of the 
mountain. The vtufi dnhe, or gallery ore, is described as the 
character of ore deep under cover; caiupunU, the choice or ship- 
ping ore of the region, under moderate cover; and ruhio, a 
worthless variety in exposed ledges. The latter is a sideritic, 
cellular, cherty limonite, forming outliei*s or crags, evidently cor- 
resi)onding to the upper edge of disrupted and highly tilted 
masses of the mjifiviiia limestone, weathered and leached by at- 
mospheric action without the aid of underground moisture, and 
without protection of cover, but passing into cemi on attaining 
cover. In l)oth brown and red-ore mines siderite occurs in blocks 
as cores or nuclei of alteivd products. 

The source of ferrous salts \'ielding more or less alterable fer- 
rous carbonat<^ in contact with limestone, appears to have Ikhmi 
overlying, now mostly oblitenited, ferriferous and pyritous sedi- 
ments, of which remnants are preserved. Unequal conditions, 
perhaps in original comjiosition of the ore-limestone, but cer- 
Uiinly as to attitude and environment, have led to unecpial de- 
velopment of ore-masses, s<mie of which, according to (Jill, hav- 
ing the semblance of mountains of ore, proving mere shells of 
good ore with nothing but siliceous material behind them. 
Changes of volume*, as uncH[ual replac^emcMit and chemical altera- 
tion have advanced, mav l>e Inilieved to have been adwniate to 
pnxUice no small pail, if not the whole, of the disruptions and dis- 
locations, so marked a feature in the stratigraphy of the region. 

Though some ot the phenomena here referred to have been 
dilTerently interpreted by M. Barson* and M. Baills,t the descrip- 
tions given by iJilU furnish abundant evi<lenctM>f sideritic replace- 
ment of Cretaceous limestone strata, and of subse<|uent altera- 
tion into limonite and hematite more or li»ss advancwl ns condi- 

*R€v. Uuiv. des Mines, iv, 1878, «)4H. 

JAnnales des Mines, xv, 18T0. 20$>. 
■lour. Iron and Steel Inst. 1H82, iVA. 
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tions for weathering action have bi^en more or less favorable, 
especially as regards the intervention of moisturt*. 

2. Iron- ores of Elhn. 

The specular iron-ores of the island of Elba, which have often 
been instanced in text-books as an example of eruptive or sub- 
limation deposits, a conclusion questioned by Cr. A'om Rath in the 
year 1870,* have since been descril>ed by I^otti of the Geological 
Survey of Italy, as in part altere<i products of replacement of cal- 
careous rocks with which a chemical interchange of materials has 
taken place, in conformity with the law that the more easily solu- 
ble minerals are replaced by the less soluble.! 

S. Ai(/eriftn iron-ores (Tafmi). 

Among well-known Algerian iron-ores are those of the Tlemcen 
district, near the western border of the pn)vince of Oran. These 
ores, commerciallv known as Tafna ores, are. as described l)v M. 
Pouyanne. + hematites occupying the horizon of Liassic limestone, 
which rests unconformably on ancient crystalline schists. While 
masses, large and small, of unaltered limestone and siderite aiv 
uniHiually distributed in all of the workings, the^e masses all furn- 
ish evidence of gradual and progressive transition into hematite, 
while specular and magnetic oxides occur as products of further 
alteration. Other deposits imbedded with Tertiary strata are 
made uj) of detritus from the Liassic ores first mentioned. 

Woshinyton, I). 6', Morel, 21, 1891. 



CRITERIA OF ENGLACIAL AND SUBGLACIAL 

DRIFT. 

By Warren Upuam, Soniervllle, MaHti. 

The purix)se of this short paper is to call the attention of gla- 
cialists to the means of discrimination of the ix>rtion of the drift 
which, at the time of final melting of the ice-sheet, was enclosed 
within the ice and therefore is calU>d englacial drift by Pres. 
CiumOu'riin. and the j)ortion which was subglacial, lying under 
the ice. It is hoped that the availability of the criteria here men- 
tioned will be discussed bv others, and that we mav attain the 
most useful methods of observation and determination, in all parts 
of our drift-bearing area, concerning the question whether a large 

*.rahrb. flir Min. 1870, 786. 

tKmmons, Trans. Am. Inst. Min. Enir. 1886. Fxt. 8. 

J.\nn. <le9 Mines i\, 1876, p. 81. 
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fraction of the drift, or only a small amount, was contained within 
the ice-sheet, Viecominjij superglacial by ablation, at the time of 
its departure. 

Enylacidl 7V//. The following characters haye seemed to me, 
in examination of the drift deiM>sits of New Hampshire and other 
New England states, and of Minnesota, Iowa, the Dakotas, and 
Manitoba, to distinguish tlie englacial till, reaching from tlie sur- 
face to a yarial)le depth, as compared with the lower subglacial till. 

1. More plentiful and larger boulders are usually enclosed in 
the portion of the till that was englacial. Sometimes many of 
them are only partially embedded at the surface. 

2. These bouldei's and the smaller pieces of rock are mostly 
angular or subangular. While being carri(»d along in the ice- 
sheet, the englacial drift was not subjected to attrition, which ac- 
counts for the large size and unworn charact«r of its rock frag- 
ments. 

?K The englacial till lias commonly a somewhat more gravelly 
and sandy and less clayey composition, owing to the washing away 
of nuich of its finer material by the drainage of the glacial melting. 

4. It has a looser texture and is much nu)re easily excavated 
This portion of the englacial drift was allowed to fall l<K>sel3' when 
the ice disappeared. The subglacial till, on the other hand, be 
ing compres.sed by the vast weight of the ice-sheet, l)ecame very 
hard and compact, whence comes its popular njime, •' hard pan.' 

5. The effect of weathering, by which the small ingredient of 
iron in the till has become changed next to the surface from pro- 
t/)xide combinations to the hydrous ses(|uioxide, giving a yellow- 
ish color, strongly in contrast with the darker gray and bluish 
color of the unweathered portion below, often is limited at the 
plane that separates the readily permeable, loose englacial till 
from the comparatively impervious subglacial till. 

(). Between the two. there is frecpiently a layer of subglacial 
stratified gravel and sand, from a few inches to a few feet thick. 

SidnjIiKuiJ Til!. Characteristic features of till accumulated be- 
neath the ice are. conversely, the prevailingly smaller size and 
glaciated shapes of the enclosed lK)ulders and fragments, its larger 
proi)ortion of clay or very fine rock flour, its ivmarkable hardness, 
and in many sections the cessation at its top of the coloration due 
to weathering. 

Another criterion of subglacial till is the jjosition of its oblong 
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stones, generally with their major axes approximately parallel 
with contignous glacial stria* and with the course of movement of 
the ice sheet, and the eml>edding of flat stones with their flat sides 
nearly horizontal, or, where the accumulation risi»s in a pi*ominent 
mass, as in drumlins, taking a parallelism with the sloi>es of the 
surface. In the englacial till stones of these shapes are less 
abundant, ])ecause of their exemption from glacial wearing, and 
they have no observable order of arningement. 

Furthermore, the subglacial till often exhibits, especially in 
sections of drumlins, a peculiarly bedded structure, in parallelism 
with the surface. Though boulders, gravel, sand, and clay are 
thoroughh' commingled, the deposit is imperfectly laminated an<l 
tends to separate and crumble into thin flakes. This is fre([uently 
noticeable in a fresh excavation, but is most distinctlv seen after 
a few weeks of exposure. 

Mr. Hugh Miller has observed similar structural features of the 
subglacial till over large tnicts of northern England;* and the dis- 
crimination of the englacial and subglacial till, relying on most 
of the characters here noted, was probably earliest pointtMl out by 
Dr. Otto Torell, of Sweden.! 

A partial stratification by water within the till, producing some- 
times thin layers of gravel, sand, or clay, inconstant in character 
and thickness and usuallv of short extent, or often onlv a distinct 
approach toward the formation of such layers, is occasionally ob- 
served in both the englacial and the subglacial till, probably more 
frequently in the former; but veins of gravel and .sand, of .such 
extent as to yield a sufficient supply of water for wells, are more 
common in the latt<»r, or, as before notwl. at the plane between 
these deposits. The obscure stnitification seems attributable to 
seeping water during the deposition of the till, whether subglacial 
or englacial and superglacial, while the definite and larger gravel 
veins were formed in small and temporary subglacial water 
courses. 

l^oth deposits contain lM>uldei's and other drift derived fnmi 
near and from renioti* rock outcrops. Local topogi'aphy deter- 
mined the relative abundance of these portions, and probably also 
whether the ratio of far travelled material is greater in the en 



*i<cport of tlie British Assoc, for Adv. of Science, Montreal, 1884. pp. 
+-\iii. Jour. 8ci., Ill, vol. xiii, pp. 7<)-79, Jan., XXVi. 
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glaciiil or in the subj^lacial till, for it seems to vary in this respect 
in different districts. During the progress of the accumulation of 
the subglacial till, it was supplied mainly from the lower part of 
englacial material, in which lH>ulders and fine drift of near origin 
were more abundant than higher up in the ice. Hence, as a whole, 
doubtless the subglacial till has more local material, though dif- 
fering little in this respect from the basal j)art of the drift within 
the ice-sheet. The streams depositing kames and osai*s, as T Ik»- 
lieve, brought these sediments largely from the upper and more 
remotely derived portion of the englacial drift, and also trans- • 
polled them for the greater part long distances, thus wearing the 
boulders and gravel to subangular and rounded forms. There- 
fore, in the order of their percentages of distances of transi)orta- 
tion, the subglacial till is generally lowest, and the englacial till 
next, while the stratified gravels, sands, and clan's brought by 
streams from the ice were successively de|>osited, eacdi mostly 
]>eyond the |)receding and farther from their sources. 

Piirhi'd Ji1orh\s. When the ice-sheet was melted awav, its en- 
closed lK)ulders were dro[)ped, and stjme of them, lying as con- 
spicuous objects upon the surface, are strown sparsely over the 
prairies or are perched, apparently where they might l>e easily 
dislodged, on the slopes and crests of hills and mountains. Oc- 
ettsionally these perched blocks are of great size. Two found by 
Dr. (i. M. Dawson on the etistern foot-slope of the Rocky mount- 
ains, about !5,I>0(> feet above the sea, mciisure respectively 42 l>y 
40 bv 20 feet and 40 bv :50 bv 20 feet. Other blocks in the same 
region extend up to the height of r),2H(» feet, and they all were 
derived from the? Arcluean area east and north of lake Winnipeg, 
some 700 miles distant.* 

President (Miamberlin has described remarkable l)elts of almn- 
dant superficial boulders associatefl with terminal moraines in 
Illinois. Indiana. an<I Ohio, t These Ixmlders are almost exclu- 
sivelv crvstnlline Archjean rocks, and are thus known to have 
been transported across a distance of at least H0(> to 50(1 miles 
from the north. Thev show that here and there in the ice-sheet 
rock mas.ses. derived from remote hillv or mountainous tracts, 
were l>orne forward high above the land; and that on the appmxi- 
mately level country of these states only the lower portion of the 
ice (contained much drift deriveil from local rock formations. 

*<le6l. Survey of Canada, Ueport of Proirress for 1882-y;{-84, pp. 147-149 C 
^Bulletin, G. S. A., vol. 1, 1800, pp. 27 JU. 



Most of the very plentiful l)ouldei>i usually present in the hills 
and ridges of the terminal moraines were doubtless bn)ught as 
the highest part of the englaeial drift. 

Kftntes. Osara, aiuf Vdfht/ Drift. That a large amount of drift 
was carried along in the ice-sheet and became expostui on its sur- 
face during its final melting, seems to me clearly prove<l, not 
only by the thickness of englaeial till according to the criteria bi»- 
fore noted, but also by the various deposits of assorted or modi- 
fied drift. Perhaps the most interesting class of the^e deix)sits is 
that which consists of prolonged ridges of irregularly bi^lded gmvel 
and sand, often extending in a series many miles, sometimes 20. 
50 or even 100 miles or more in length. The.se ridges usually 
have steep sides and a narrow arched crest of variable hight. 
Associated with them, and especially with the terminal and mar- 
ginal moraines of the ice-sheet, are mounds, hillocks, and .short 
ridges likewise composed of gravel and sand having a confused 
stratification, often somewhat anticlinal in conformitv with the 
slopes of the surface. IJoth the very long gravel ridges or series 
of ridges, and the very short ridges, hillocks, and knolls, were 
formerly classed together, and were called kames, eskers, or 
osars, l)ut a u.seful discrimination has l)een proposed by McGee 
and Chamberlin, in accordance with which the term knmi» is now 
restricted to the gravel hillocks, knolls, and ridges of slight ex- 
tent, while the long ridges are named osars or esktrs.* 

Precisely the same explanation of the mode of formation of the 
osars was reached independently fifteen years ago by Dr. X. 0. 
Hoist in Sweden! and by the i)resent writer in New Hampshire. J 
Four years earlier, as I afterward learned, nearly the same view 
had been fii*st published by Prof. X. H. Winchell, in Minnesot^i. If 

♦W J McGee, in tlie Report of the International Geological Congress, 
second session, Boulogne, 1881, p. 021. T. G. Chamberlin, in the Third 
Annual Report of the I'. S. GeoJ. Survey for 188l-'82, p. 399; and Am. 
Jour, of Science, 111, vol. x.xvii, pp. :{78-:J90, May, 1884. The article last 
cited presents many liihliographh; references, and shows that the term 
osar (pi. osars ), in this Anglicized form, has long been in common use bj' 
Jackson, Hitchcock, Desor, Murchison, and other authors. 

t" ()m de glaciala rullstensiisarne," Geologiska Foreningens i Stcck- 
hobn ForhandlingHr, vol. iii, 187(5, pp. t»7-112. This paper is reviewed by 
Dr. Josua Liudahl in the American Xaturalist, vol. xxii, pp. 589-591 and 
71 l-7i;J, July and Aug., 1888. 

J" On the Origin of Kames or Eskers in New Ilamshire,-' Proc. A. A. A. 
S., vol. XXV, 1876, pp. 210-225. Geolo^^ of N. II., vol. iii, 1878, chapter i. 
Proceedings, Boston Society of Natural History ,vol. xxv, 1891, pp. 228-242. 
Geol. and Nat. Hist Survey of Minn., First Annual Keport for 1872, p. 
62. etc.; Second An. Hep. for 1873, p. 194. Proc. A. A. A. 8., vol. xxi, for 
1872, p. 105. 
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During the Chnmplain qjoch, as the time of disappearance of tlie 
last ice-sheet has l)een named by Dana, its superficial melting was 
rapid throughout the warm ix)ition of each 3'ear, wliile the sub- 
glacial melting went on at a very slow rate through l)oth winter 
and summer, the same as it had been during the entire epoch of 
glaciation. Owing to the rapidity of tlie melting (m the ice sur- 
fiu'.e, and to the amount of englacial drift thus exposed and sub- 
jected to erosion and transportation, we believe that the suV)glacial 
stream courses already existing were inade([uate for the iU*ainage, 
and that they were mostly <»bstructe<i and closed by the transpor- 
tation and deposition of modified drift. The waning ice-fields 
were then deeply incised by brooks and rivers ix>uring r)ver them 
in the descent to their border and to the adjacent land lately un- 
covered by the glacial retreat. Hydrographic basins of the ice- 
sheet pi*obably extended 50 to 200 miles or more from its margin, 
resembling those of a l)elt of country along a .sea coast: but the 
glacial rivers, and their large and small branches, had much 
steeptn* gradients than those of the present river systems on the 
land surface, and often or generalh' they flowed in deep ice- 
walled channels, more like canons than ordinary river valleys. 
Much englacial drift, which ha<l become superglacial, was washed 
awav bv the rains, rills, and small and large streams from the ice 
surface; and the osar gravel ridges are the coarsest se<liments 
progressively' deposited near the ice-front in such channels which 
were cut backward into the retreating edge of the; ice by the su- 
perglacial streams. 

The best development of osai*s on this continent, scarcely in- 
ferior to that of Swe<kMK is found in Maine and has been thor- 
oughly explored and studied by Prof. (Jc^orge \\. Stone, who con- 
cludes that the material forming these long ridges, also the short 
ridges and knolls called kames. and the valley <lrift. or .stratified 
gravel, sand, clay, and fine silt, spread along the river coui*ses 
and on the lowlands, were all supplied chiefiy from the englacial 
drift.* This origin seems to me also true for the kames, osars, 
and valley drift which have come under mv observation in New 
Hampshire, Vermont and Massachusetts, and in Minnesota. Mani- 
toba, and adjacent portions ofHhe Northwest. In a paj)er read 



* Proceedinirs of the IJostou Society of Natural History, vol. xx, 1880, 
pp. 430-469. Proc, A. A. A. S., vol. xxix, 1880, pp. 510-510. Am. Jour. 
Sci., HI, vol. xl, 1800, pp. 1-22-144. 
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last Aujrust l)oforo the Geolojjical Society of America. I show 
tliat the vohinie of tlie drift contained in the last ice-sheet when it 
wjis melt<^<l from these states and province appears to have ranfz^iMl 
fi-om very little on some tracts to the thickness of at least forty 
fi*et on other tracts. On the average, T believe that it was not le^is, 
V)ut probably considenil»ly more, than my estimate of its amount 
in New Hampshire, namely, the ecpiivalent of a uniform shec»t of 
drift six or seven feet thick. 

In (ir(»at Britain, however, the material of the kames and other 
modified drift is thought by Prof. James (leikie to have l>een de- 
rived almost wholly from subglacial drift through the action of 
streams tlowing beneath the ice-sheet: and he believes that there 
was very little englacial drift, quite too little to permit the en- 
glacial derivation of the strsititled drift which is atlirmed by Torell, 
Ifolst. and others in Sweden, and bv Dana and manv others who 

«• ft 

have studied thcj drift of North America. But another eraiiu^nt 
Jiritish glacialist, Mr. G. W. Ijamplugh, in a very complete and 
valuable discussion of the tlrift deposits of FlamlMmmgh Head 
and other parts of Kngland. publislied this year, thinks that the 
ice-sheet which moved outwanl fi-om Scandinavia and the high- 
lands of Scotland and northern Kngland, sweeping across the low- 
area that is now the bed of the North Sea. and then encn)aching 
on the Flamborough coast, was charged with a large amount of 
englacial drift, not only Norwegian and Scottish VM)ulders, Init 
also marine debris with fossils, gathere<l up into the ice from 
grouml that ha<l been previously and is again now thesea Ijottom.* 
In thiscountrv. we owe to Pi'of. James D. Dana the earliest enun- 

ft- 

ciation. more than twenty years ago, of tin* doctrine that the ice- 
sheet contained abundant drift and de|)osited it during the final 
melting, i)artly as unstratified and partly as stratified drift :t and 
only a few years later this opinion was also published by Prof. N. 
11. Winchell. with especial emphasis on the effect of the superfi- 
cial melting to cause this drift to become superglacial. t Both 
these authors appear to claim that a larger proportion of the whole 
vohune of the <lrift was englacial at the close of the (rlacial 



'"Quart. J(Mir. (ieol. Society, LoikIod, vol. xhii, 1801, pp. 384-481, with 
iniips and sections. 

+'rnuis., Connecticut Academv c)f Arts and Sciences, vol. ii, 1870, pp. 
m-f*>\\. ^liinual of Geoloj^^r, editions of 1874 and 1880. 

J(ieolo«rical and Natural llistorv Survey of Minnesota, First Annual 
Ucport, for 1872, p. 02. Pop. Sci. 'Monthly, vol. iii, 1873, pp. 293, 294. 
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pmod than I should Ik* ji])le, on the hiisis of my ohservat ions and 
the foregoing eriteria. to admit. Tliere wen* surely, as L think, 
extensive and tiiicii (U»posits of sub^laeial till, lK*sides some 
seanty suh^laeial beds of stratified ijravel, sand, and clay; and 
the ajjfjre^ate mass of the sub^laeial drift appears to me without 
doubt to exceed. an<l perhaps two or three times over, the mass 
of the ice-hehl drift. 

T*fifinioni/ iif E.vlHflnij Itr-shvtts. Dr. N. O. llolst in his ex- 
amination of portions of the margin of tlie <freenland ice-sheet, 
found extensive dejiosits of lK)th en*rlacial and subglacial drift, 
respectively characterized by an<rular and by glaciate<i st/mes and 
Iwmlders. The larjrest accumulation of superjrlacial drift, which 
had been englacial. was observiMl on the southern e<lge of a lobe 
of the i(»e near Frederikshaab. The drift coverinj^ th(» ice surface 
liere extc»nds alon*j a distance of nearly twelve miles, and reaches 
a half mile to one and a half miles upon the ice. Accordinjj to 
Hoists Swedish report of his observations, summarized in transla- 
tion by Dr. Josua Jiindahl.* the (piantity an<l upper limit of the 
.superj^lacial drift at this locality are as follows: 

Its thickne»8 is always greatest near land, hut here it is often (juite 
difficult to estimate its actual thickness, as it sometimes forms a com pact 
covering, only in some fissures showing the underlying ice. This un- 
even thickness of the moraine-cover offers to the ice a proportionally 
vaiying protection against the sun. It thus happens that the unetiual 
thawing moulds the underlying surface of the ice into valleys and 
hills, the latter 'Sometimes rising to a hight of fifty feet above the ad- 
jacent valley, and l»eing so densely covered with moraine material that 
this completely hides the ice core, which, however, often forms the main 
part of tlie hill. 

Farther in on tlio ice, the moraine gradually thins out. At the \0e9\- 
ity just referre<l to, the moniine-cover, 3,000 feet from land, measured 
several inches in depth: still the ice was seen in some hare sjwts. Be- 
yond 4,(HK) feet from land, the moraine formed no continuous cover, and 
at 8,:J0() feet it ceased entirely, with a perceptible limit against the clear 
ice. Only some scattered 8])ots of sand and gravel were met with even 
a few hundred feet farther in on the ice. Dr. Ilolst estinuited the aver- 
age thickness of the moraine taken across its entire width near its east- 
ern end at one to two feet. The limit between the moraine-cover and 
the pure ice is always located at a considerable though varying elevation 
above the edge of the inland ice. In the instance of the al)ove-men- 
tioned moraine it varied between 200 feet and 500 feet. 

Terminal momine ridges in process of accumulation on the 



*Am. Naturalist vol. x.xii, i)p. 589-598 and 705-71.*?, July and Aug., 1888. 
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thinned l)or(ier of the ice, were seen in seveml places, sometimes, 
as shown b}- the following quotation, consisting chiefly of sub- 
glacial drift, elsewhere of englacial drift. 

The border moraines north of the Arsuk fjord ice-river are visible far 
out on the sea off Ivigtut. Dr. Hoist examined one that surrounds the 
southernmost strip of land at a distance from land of about 2,000 feet. 
It is not one continuous ridge, but consists of several disconnected por- 
tions arranged in a semi-circle. One of these portions was al>out 200» 
feet wide and thirty five feet high. This moraine was mainly a ground- 
moraine, probably forced up by some elevation of the ledge under the 
ice. 

Another border moraine to the north of-Kornok's northern ice-river,, 
was of a different character. The stones, at least at the surface, were 
greatly in preponderance over the gravel. They were angular and of 
varying size. The moraine showed some arcuations, but taken as a 
whole it was parallel to the land. In some exceptional instances it ap- 
proached closely to the land, even so as to touch one of the projecting 
points, but generally it was located some distance away from land. Its- 
width was estimated at 100 feet, and its hight at more than fifty feet; it 
should be remembered, however, that it might have had a core of ice. 
Its length was about one and a half mile. South of this moraine, and 
farther in on the ice, were seen three more moraines, the greatest one 
extending about 1,000 feet in length. Two of them were parallel, one 
inside the other. 

Still more impressive testimony of a large amount of englacial 

and finally snperglacial drift is given by Mr. I. C. Russell in his- 

description, as follows, of the Mahispiim glacier or ice-sheet lying 

between the base of Mt. St. Klias and the ocean. . 

This is a pleateau of ice having an area of between 500 and 600 square 
miles, and a surface elevation in the central part of between 1,500 and 
1,600 feet. It is fed by the Agassi z, Seward, Marvine, and Hay den gla- 
ciers, and is of such volume that it has apparently displaced the »ea and 
holds it back by a wall of debris deposited about its margin. All of its 
central portion is of clear white ice, and around all its margins, excepting 
where the Agassi/ and Seward glaciers come in, it is bounded bj^afrinire 
of debris and by moraines resting on the iee. Along the seaward bor- 
der the belt of fringing moraines is about five miles broad. The inner 
mari!:in of the moraine belt is composed of rocks and dirt, without vege- 
tation, and separated niore or less completely into belts by strips of clear 
ice. On going from tlie clear ice toward the margin of the glacier one 
finds shrubs and fiowers scattered here and there over the surface. Far- 
ther seaward the vegetation becomes more dense and the fiowers cover 
tlie whole surface, giving it the appearance of a luxuriant meadow. 
Still farther toward the margin dense clumps of alder, with scattered 
spruce trees, become conspicuous, while on the outer margin spruce 
trees of larger size form a veritable forest. That this vegetation actually 
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grows on the moraines above a living glacier is proved beyond all ques- 
tion by holes and crevasses which reveal the ice beneath.* 

The abundance of Hupcrglacial drift on this nmull ice-sheet in 
Alaska, and its comparative scantiness on the j^reater pail of the 
l)order of the extensive ice-sheet in <ireenland, seem readily ex- 
plained by the recent and present raj)id decrease of the Alaskan 
ice, while that of Greenland is probably now increasing? and the 
climate growing somewhat colder, t 

Both these ice-sheets lie on or near very mounUiinous districts. 
It will l)c of the highest interest to glacialists to obtain similar olv 
servations of the Antarctic ice-sheet, for most portions of its vast 
expanse seem to flow out into the sea from areas of low land, 
more nearl}* representing the basin of the North Sea, from which, 
according to Lamplngh, the confluent Scandinavian and Scottish 
ice moved upward over the eastern shores of England, bringing 
much englacial drift derived from that lower area. In like situa- 
tions, too, far from mountiiinous or even notably hilly country, 
are the localities which have aflforded to me the grejitest estimated 
thickness of the englacial drift, as al)out forty feet adjacent to 
the Altamont moraine on the Coteau des Prairies in southwestern 
Minnesota,* and about the same amount where currents of the ice- 
sheet converged from the northeast and northwest at Bird's Hill 
near Winnipeg, Manitoba, 'i In each of these places the englacial 
drift is largely derived fi*om the neighboring low region. 



THE WINNEBAGO METEORITE. 

By E. N. Eaton, A me?*, Iowa. 

In the August number c)f the (rKOLixnsT professors Torrey 
and Barlxnir again publish their analysis of the Winnebago 
county meteorite. The analyses thus far published vary so 
greatly that \ hesitatingly add a preliminary one made b}' myself 



***An Kxpedition to Mount St. Klias, Alaska,'' National Cieographic 
Magazine, vol. iii, 1891, pp. 185, 18(5. 

tAM. GEOLOr,isT, vol. viii, pp. 145-152, Sept., 1891. 

J(4eol. and Nat. Hist. Survey of Minnesota, Ninth Annual He])ort, for 
1880, pp. :522-:{'>0; Final Heport, vol. i, 1884, pp. 6a% 604. 

§(ieol. and Nat. Hist. Survey of Canada, Annual Report, new series r 
vol. iv, for 1S88-?:*1>. pj). 38-40 E. 
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soon i\i\A*Y the ^'ftiU" and published in the Aurora,* a magazine 
-edited l)y the students of the Iowa Agricultural college. 
For comparison these analyses will l>e placed together. 

UI-X^ORDEI) ANALYSES OF THE WINNEBAGO METEORITE. 
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In their last article profc»ssors Torrey and Barl)Our do not give 
the percentage of meUil. but in a former article under the same 
analvHis of matrix it is statt^l to be 45 '/J .** In the fourth column 
the aiuilvsis is calculated on this basis. 

It will be observed that Torrev and HarlH»ur's analvsis contains 
over twice as much metal, almost seven times as much lime and 
less than one-fourteenth as much magnesia as that reiK>rte<l by 
Kakins. Do the sections of the aci*olite show such diversity in 
chemical composition? That it is not altogether liomogenec:)Us is 
evident from a microscopical examination. The nickeliferous 
iron occui*s in nodules of varying size while there is no regu- 
laritv in the distribution of olivine, triolite. ferrous oxide 
or other constituents. Also in the fragments the surface is 
oxidized in an extremelv thin layer wiiile on the larger masses it 
is souu»what thicker. That this variability is not conspicuous in 
dealin<r with larger masses is indicated by Torrey and Barl)our 
obtaining the identical .specilic gravity as that reported by Kunz 
(;J.(»OS)tt while my own (:>.(»7) is nearly a medium between Kunz 
and Kakins (:J.S04 at 2S.5(\).n My chemical analysis corre- 
sponds (piite closely with Fjakins. 

*Vc.I. XIX .July, 1890, p. (;2. tAm. J. Sc. Vol. 140, 1890, p. 312. 

;[:AlIowiii»!: 45 per cent, for niotal. 

I^Sonu'of the iron combined as FeS hence per cent. FeO too large. 

Ill original article eatimated as Fe^O, (29.68 per cent.) •" Ferric oxide. 
**Ani. Jo. Sc. Vol. 139, p. 521. 

ttTrans. N. V. Acad. Sc. Vol. tx, No. 8, May -June, also Ameuicax 
<JEOi.or.TST, Vol 6, p. 249. 






Am. J. Sc. Vol. 140, p. 312. 



Kf If tor iff I C(nnin*'nt, '^S? 

In reviewing tlie facts presented by the anulyses, one is inclined 
to doui)t the vemcity of the specimens upon wliich professors 
Torrev smd Barhour made tlieir analyses. In view of the nura- 
ber of counterfeit specimens that were exhibited soon after their 
value became known, som<» of which resembled the meteorite 
closely, a mistake of this nature might easily occur. 

The specimens ujjon which my analysis was made were sent by 
Mr. Eugene Secor, of Forest City, a trustee of the Towa Agricult- 
ural College, to Prof. Herbert Osborn, and are now under his 
care in the college museum. Other specimens were sent to me 
by parties in Forest City, and I think there can be no doubt 
as to the genuineness of the samples analyze<l. 

On the whole it would appear advisable that there be a careful 
revision of the work for such variability in chemical composition 
is unparalleled in the history of meteorites, and if true should 
have clear confirmatorv evidence. 



EDITOIUAL COMMENT. 



RECENT STUDIES IN SlMIERl'MTH! CRVST.V LM'/ATlON. 

Conititntioii *itid origin of HphrrnU'ten in orid eruptive rorks. Whitman 
Cross. (Phil. Soc. Wash. Vol. ix, pp. 411-444.) 

Spliernlitir eryntollization. Jos. P. Iddings. (Phil. Soc. Washington, 
Vol. IX, i)p. 445-4«4.) 

Mr. Cross found, in the investigation of si)herulites and litho- 
physft? of (V)lorado that the views l)oth of the German and the 
French and of the Knglish petrographers were inapplicable and 
the schemes of classification were unsatisfactorv. Tie sketches 

ft 

German oi)inion, from Vogelsang to Zirkel and llosenbusch, with 
critical observations. In particular, the term »• microfelsite ' 
proposed by Zirkel and considered by Kosenbusch to signify a 
distinct mineral species occurring in scales and fil>res and having 
a characteristic ra<liating spherulitic structure, Mr. Cross con- 
siders with Iddings, Teall and l^riigger to be improperly defiiH»d. 
He rather inclines to the opinion that these substances consist of 
a "submicroscopie" intergrowth of orthoclase and (piartz, and 
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tliat the filjers and seules in the gronnd mass of ix>rpliyries and 
rhyolites may Ik^ minute jMirtieles of feldspar indeterminable by 
existinjj means of research. 

In a simihir manner tlie term '*j)etrosilex" is employiMl by the 
Freneh i)etro^raphers. under the lead of Michel- Levy, in a loose 
way, as is admirably illustrated by the definition. *4i partially 
amorphous maj^ma impre*rnated with silica already individualized 
in a state of oj)al or chalcedony. *' Spherulites are sup|>osc»<l, by 
the same authoritv, not to consist of known minerals, unless thev 
be (pnirtz and feldspar, int(»r<i^rown in the manner of iK?gmatite. 

The result of the author's studv of the Colorado material seems 
to show that indefinite sul)sUinces, such as crystallites, petrosilex 
and microfelsite, have been assumed to l>e present unnecessarily 
in many cases heretofore, under the influence of preconci»ive<l 
ideas. 

The chemical constitution of the pitchstone (containing the Col- 
orado spherulites shows, that on complete crystallization the n>ck 
resulting: would be ccunposed nearly two-thinls of alkali feldspar 
nnd a little more than one-third of free silica. The author coin- 
ci<les with Iddings in the descrij)tion of Obsidian cliff, that, in- 
.stead of being due to an arrest of crystal llizing consolidation (sup- 
posed by all European authoi>4) spherulites of the smallest size as 
well as the larger spherulitic masses, are due to the crystallization 
of some definite minerals from a magma, under special conditions. 
There are a few older crystals in these rhyolites which, at a period 
prior to the spherulitic, were formed from the magma and by 
their arrangement bring out the fluidal structure. These took up 
the small percentages of lime, magnesia aiul iron oxides which 
analysis shows to exist in the pitchstone, forming phenocrysts of 
plagiodase. leaves of biotite, microlites of augite and trichites of 
magnetite. Mr. Cross examines specially the larger spherulitic 
masses, but he considers even the smallest to consist of definite 
and often identifiable minerals. 

As to the origin of these spherulites, Mr. Cross sup|)oses that 
amorphous silica plays an inijxjrtaut role. First a colloidal sub- 
stance, embracing the elements of silica and of feldspar, is sup- 
posed to be separated from flu* magnui, this being "a lociil change 
in the character of the magma.' but whose cause and attendant 
conditions Mr. Cross does not attempt to state. From this pri- 
mary colloidal globuU' are g(Mierated amorpluuis silica in one di- 
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reetio!! and foklspar in iinotber, the latter takinjr nuliated and 
branching forms under varying tension anil viscosity in tlie luag- 
matic mass. As tlie eolloiiial substaiiee is furtlier separated, tlie 
si>ecialized growtlis go <»!i /><o/ puna, resulting i!i concentric zonal 
structures or in nidiatinl splierulites, or inqH^rfect arlM^rescent 
forms — an<l sometimes in holocrystalline splierulites. 

It is ditticult to see. from the discussion, wherein Mr. Cross 
finds warrant for the existence of this supi)4)sed anterior, globular 
-coUoiihil substance, or wherein his hypothesis enlighteiis or even 
embraces ''the conditions favorable t^) or causing spherulitic 
growths. ' (p. 4Ijr>) which he announces as its puq)ose. In fact 
it api)ears, from the statements of Mr. Cross, that the general 
magma, after the primary .segregation of the pheuocrj'sts of plag- 
ioclase, l»iotite, microlites of augite and grains of magnetite, had 
nothing left but the same elements that he diM^ns characteristic of 
this colloidal substance, and it is perhaps rejusonable to supi)ose 
the magnni itself, en innxnt- at this time was colloidal and gener- 
attnl the splierulites in the same manner as supi)Osed for the iso- 
hited coUoiihil globules. It is only by assuming the minute pri 
mary globules of the magma itself as it existed just prior to the 
spherulite-forming stage, as the initial colloidal globules, that 
there can be, .so far as we can see, any warrant for the hviiothe- 
,sis, and if the hyi)othesis Ik? reduced to this, it is no hyi)othesis 
at all, for it only :issumes a well-known condition of amorphous 
matter. Mr. Cross's discriptions are clear and compi-ehensible, 
and the paper, aside from its pliilo.sophy, is a valuable contrihu- 
tion to American petrography. 

The paper of Mr. Iddings treats of a stage in spherulitization 
substHpient to that alK)ve descril»ed, viz. : the process of forma- 
tion of the crystalline inti»r-growths ami the characters of the crys- 
tals fornuMl. It is based on a studv of a new series of thin sec- 
tions of the lithoidite of Obsidian Clitf. in YeUowstone Park, the 
sections presenting 2(1 examples of one phase of the rock. The 
new study in Mr. Iddings" opinion corrolK)rates. and also extends 
the conclusions reach(»d by the former research, adding three new 
minerals, tourmaline, mica and zircon, to this rock. Mr. hidings 
likewise rejects, as he before ignored, the term " micr<»felsite. " 
and believes it is demonstrable that even the finest of the splieru- 
lites are but verv small forms of larirer ones whose structun» and 

ft \ 

comi>osition (»an Ik» observed. 
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The papor is taken up mainly with the record of facts descrip- 
tive of tlie mici'o-structure of the crystallizations seen in these 
spherulites. There is. however, a hypothetical underlying; cnuse. 
or conception, which Mr. Tddings entertains as the initial i*ondi- 
t ion precede!! t for the formation of sphe!'ulites. viz. : the pres- 
ence a!!d une(p!al distribution of water- vaiM)r within the siliceous, 
magma. This water-vapor seems to act, jus presumed by the 
author, rather physically than chemically and to determine by 

A •• ft «' • 

its greater a!no!!nt in loc^ilities the greater molecular mobility 
withii! the molten magma which locally permits crystallization. l!i 
other words the (H)nceptio!i of the author is that where now exist>^ 
a sphe!'ulite within the obsidian glass, originally was a local ce!i- 
tre of greater hydration than i!! the niagma in genend. This con- 
ditio!! precedent a!iswei*s. in Mr. Iddings* l!yi)othesis to the col- 
loidal globule ii! Mr. Cross's, but neither of the hypothest»s aims 
to acco!!nt for the initiation of the act!!al crystallizatioi!. 

At first glance there see!ns to be a!i obstacle to this assume<l 
uneipial distribution of hydric vapor, and it is the same in chanic- 
ter, as that state* I by Mi*. Iddings against an !!iUH{ual distributio!i 
of heat ''throughoiit a!iy co!isiderable mass of the magma' (p. 
\\{S) viz. : iu tht' imtitrrttf fhffcuHf. lieiit a!id hydric vapor, in theii" 
nianner and degive of distribution, ai^e, when l)oth are present, if 
not identical, so i!itin!ately con'clative that what may be assumetJ 
for one, may, perhaps. l>e assume<l for the othei*. But it must be 
admitted that there is a fu!ida!nental distinction to be observed., 
in this case, between the presence a!!d p!*obable manner of di.stri- 
butio!! of heat and the presence and probable distriluition of 
water- vapoi*. Heat, inai!iolten eruptive rock, is primary and es- 
sential a!id may i'ea,so!!ably be s!ii)posed not to- pi-ese!!t greiit var- 
iations throiighout '•ai!y considei*able ma.ss. ' but; hydric- vapor i.s- 
secondary ai!d accidental, a!!d i!iay bt» supp<^se<li t<« 1k» m^st 
abundant at those* p<»ints whe!*e the ii!oltei! iiiag!!Ui. nuiy luive Ihhmh 
bi*o!!ght i!it<» co!itact with sup(»rlicial wattM's. Such acddental 
contacts wo!!ld. i!i the fi!*st place, cause a rapid an<t geiieral diffu- 
sion of water-vapor through all the adjoi!iii!g cn!st. as well as 
thi'ouirh the !!!olten !nasi:!!!a, a!!d it wouhl see!ii inevitable that 
some parts of the !!!agina, evei! thi'oiighout • ♦coi!side!*able miLsses* 
would be atfectcMl ditferently by its prese!ict* in ditrerii!g amou!!ts. 
Notwithstanding this distinction, however, in the iiature of the 
originatitui of these two t»leinents. iiitlie li(L!!idity of the magma, it 
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must again 1k» admitted that the verj* act of valorization of water 
when brought into contact with a molten magma, would abstract 
heat locally from the magma, and that the local differences in the 
heat of the magma would extend pari poifsa with the production 
and diffusion of the vai>or of water. Indeed these two progressive 
changes would almost exactly' complement each other, and hence, 
again, the presence and the disti'ibution of hydric vajKir ' ^through 
i5onsiderable masses of the magma*' would not [jerhaps l>e any 
more unerpial than the distribution of heat. 

It must l)e understood, however, that here w(^ are considering 
-' 'considerable masses of the magma," throughout which compared 
with other considerable ma.sses there mav or mav not have been 
(liffertuices of heat and hydric vapor. This is quite a different 
thing from the assumption of centres, or jxiints (for each spherulite 
is sup|>osed to have begun its growth at a ix)int), disposed irregu- 
larly through the molten magma, at which there was, temporaril}' or 
continuously a greater amount of water}' vapor than throughout the 
remainder of the mass. These spherulites are immensely numer- 
ous. Some are large, an<l some are microscopically minute, and 
sometimes the}' touch each other. There must, under the hypoth- 
i»sis of Mr. Iddings, have been an immense number of individual 
points, almost an infinite number, at which, though separated 
from each other by microsopic distances, there were maintained 
gri»ater amounts of hydric vai>or than in the intervening spaces. 
Such a conception of the manner of distribution of hydric va- 
|>or is unitjue and can hardly be accepted under the well-known 
laws of the diffusion of gases. 

We (cannot see as either of these authoi*s has suggested — we 
will not say the cause but — the essential condition precedent of 
t he formation of the spherulites in acid lava. Mr. Iddings' re - 
«iuirement that within tlu^ area of the developing spherulite there 
must have been greater molecular mobility than in the surrounding 
magma, is a step toward the solution of tlie problem. Whether 
ihis greater mobility depended on a colloidal secretion from the 
magma, enveloping the i>oint at which the cr3'stallization began, or on 
At point or a glolmle, within the magma, which enjoyed a preponder- 
ance of hydric vapor, or of greater initial heat, each one of which 
ticcmis to us untenable, it is plain that the authors have made valua- 
t)leand creditable contributions to American petrology, ami that in 
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tlio n»s(»arcli wliicli they have* couducted. thoir results have Ikhmh 
roai'liod indopondeiitly, and anterior to ail otln»r iH^trojj^'iiplierR. 
In conclusion wc would suggest that perhaps, if the initial stei** 
of the conjunction of two ditferino: in<»lecules into chemical unioiL 
l)e a<lniitted as the stall in jj: point, such jis the molecules which 
make one molecide of orthoclase. there may have Ikhmi developed 
enouijh heat to cause the similar union of two otherh. 
ami that two othei*s, tul iiijiniinui or </// Jim m. thus promoting 
the local <lilference of heat recpiired on which to |K)stulate the 
local ditference of nu»l(»cular mobilitv. It set^ms that the iuitia- 
tion and the maintenan(*e of the »;n)wth of spherulitic crystalliza- 
tion. in the same manner as of all other crvstallization. 
must be sou*;ht for in the (K'Cidt laws and relations of chem- 
i<'al atlinitv. It also seeems that on physical attendant 

conditions depen<l the forms of »rr<>wth which the crystal- 
lizing matter shall take on. It is ni»<*essary to seek for thosi* 
physical surroun<linjjs in the nmgma. in the ca«e of spheruliten. 
which may have invvented the seco!id an<l succcHMling molecules 
of orthoclase from placin*? themselves alongside of their earlier 
brothel's in accordance with the laws of tluM'rvstal system to which 
orthoclase In'longs. an<l thus from building up a perfect mtmo- 
clinic form. 
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(ii'ohnjinil (tntf Siitura! Jli»torii Svrni/ of Cnmuhi^ AlkkeD U. (\ Ski. 
WYX, Du'eetor : Aimtful JtCporff Xnr ScrifHj rof. TWfor I8SH-S9. Mont- 
real: 1890. Hvo, pp. xxi.x, 1054: with three plates engraved from photo- 
graphs, four maps, and a sheet of sections. Price, 5|52. The suniniary 
reports of the operations of the Survey during 1HS1>, by the director and 
assistants, comprises 6(5 j^ages. The cost of the Survey during the il8<*aL 
.year ending.Iune :JOtli, 1H8U, was *100,«07.iM;. Sales of the Survey pub- 
lications in 1X80 amounted to S'2,009.57: and within this year the number 
of visitors to the Survey Museum was 1S,:{(H), being an increase of J^HT*. 
as compared with the previous year. This volume also includes tin* 
foUowing papers. 

I88if. By (ti'X)UGK >I. D.\w8«»x. Ninnerous recent discoveries of valu- 
able silver-bearing ores in the mountainous cinrntry adjoining Kootanie 
lake and th<* r]>per and Low»r Arrow lakes of the rolumtiia, led t<» the- 



gt»ologU' recoumiissnuce wliloli is lic»re deacribed in 6r» puij^es^ with a map. 
These long and narrow lakes, measuring rospectivel}' alM»ii4 04, 4(i, ami 
51 miles in length from north to soutli, ami one to two miles in width, 
cccnpy basins that were j)robably preglacial river valleys of similar 
origin with the fjords of the coast. Of two soundings in the I'pper 
Arrow lake, one showed a depth of 490 feet, and the otlu'r failed to 
reach the bottom at 720 feet. In tin' Lower Arrow lake the deei>est of 
tbfee soundings was 4(i0 feet. Kootanie lake is probably tleeper than 
either of these, but was not sounded. Their approximate lughts above 
the sea are as follows : I'pper Arrow lake, 1,300 feet: Lower Arrow 
lake, 1,:^0 feet: and Kootanie, 1,780 feet. The Gold and Selkirk mountain 
ranges rise steeply on each side of these lakes to elevations 4,000 to 
»,0(H) feet above the sea. 

A general section of the rocks exposed In these portions of tlie Cordil- 
leran belt is as follows, in descending order : - 
Greenish and grey schists, with many beds of limestone in the Feet. 

lower part 2,0(M) 

Limestone or marble, often banded with siliceous layers, antl 

associated with black argillite and grey s<'hists '2,500 

Chietly greenish schists, with some grey schists 4,050 

<'hierty grey schists, and including some greenish schists, consti- 
tuting, with tlie last foregoing, the Adams Lake series S/m(i 

Black, shaly or schistose argillites, with much <lark limestone, 
both being often more or less micaceous, named the Xiscon- 

litli series, probably 1,0(M) 

Mica schists, gneisses, and marbles, completely crystalline and 

often highly siliceous, named the Shuswap series .VMM) 

• The total estimated thickness of strata is thus 2:»,2<^^ f<*<*t. N<) dis 
tinct unconformity is found throughout the entire secticm, but the lowest 
division is provisionally referred to the Arclnean, while tlie higher for 
mations, though destitute of fossils, are thought by Dr. Dawson to repre- 
sent various periods through the whole I'aheozoic eni, from the Lower 
Oambrain up to the Carboniferous, inclusive. Besides these stratified 
formations, granites and granitoid rocks occupy a large part of the West 
Kootanie district, their i)rincipal area being the basin of the Lower 
Arrow lake. 

' Nearly all the metallif<»rous deposits occur in the stralitied rocks. In 
the Shuswap series they are mostly galena, with some blende and pyrites, 
and are of low grade as to tlieir content of silver. Hich argentiferous 
veins traverse the Adams Lake series ami the next overlvinir limestone> 
and argillite schists. 

On the top of Toad mountain, which lies near the junction of the 
Kootanie river with tlie Columbia, at a distance of about twentv-Hve 
n^iles north of the international boundary, glacial stria' in bearings be- 
tween S. and :>:» K. were found at the altitude of 0,900 feet alwve the 
sea. They are attributed by Dr. Dawson to an ice-sheet that was accum- 
ulated on the Cordillerau mountain belt in British Columbia, adjacent 
portions of tin* I'nited States, auil the Northwest Territory of Canada. 
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lu almost exactly the same latitude, but about 170 miles fartlier west, 
similar soutliward glaciaticn is found on liOadstone Peak at a hight 
of fi,«70 feet. 

Report oa an explvmUou in tttc Yahni and Mackenzie Basins^ N. W, T, 
By li. (t. McConnell. This memoir of 168 pages, with an index map 
of the country described, is based on observations during 1887 and 1888. 
The intervening winter was spent by the autlior at Ft, Providence, a poet 
of the Hudson's Ba}' Company near the west end of Great Slave lake. 
Some idea of the vastness of the region embraced by this report may be 
inferred from the navigable extent of the Mackenzie river, on which 
this company*s steamer rims about 1,800 miles, from Ft. Smith on lati- 
tude 60 to the Peel river at the head of the Mackenzie delta. Devonian 
rocks, in some localities yielding many fossils, form tlie greater part of 
the country bordering the Mackenzie l>elow Great Slave lake; but on 
certain tracts they are covered by Cretaceous marine strata and Tertiary 
lacustrine bods. Boulder clay and other drift formations occur along 
the whole <!ourse of the Mackenzie, but only on the upper portion of 
the Yukon. 

In many places on the Mackenzie, as also on the plains of Alberta and 
Assiuiboia, the boulder clay or till rests on a great thickness, sometimea 
fully 150 feet, of preglacial gravels, which seem to be the analogue of 
the Lafayette formation of our southern states. These beds in the Mac- 
kenzi(^ basin contain well rounded cobbles up to eight or ten inches in 
«lianieter, including many of gneiss and granite derived from the Arch- 
jeau area far to the east. They are intimately connected with the Iwulder 
clay, and in one place were observed to alternate with it. 

An appendix, tilling 18 pages, gives meteorologic observations, taken 
twice each day from June 25th, 1887, to the same date of the next year. 
A single station. Ft. Prov'nlence, was occupied seven months, from Oct. 
4th to the end of April. 

Jl('p(n'i of KxphH'ntioii of the Gltirial fAikc Agnt^aiz in Mttnitoha, By 
Wahuex Uj'iiam. pp. 156, with sections, and two maps. Reviewed in 
the Am. Ctkol(m;i»t, March, 1891. An extract, treating of tlie history of 
this lake, has also been reprinted in this magazine. Two appendixes 
accompany this report, one giving courses of glacial striie a1>out Hudson 
bay, lake Superior, and westward, and the other tabulating altitudes de- 
termined by railway surveys in British America from Port Arthur west 
to the Pacitic. 

Heport on. tfw Mine ml UiHOKires of tfu Produce of Quthcc. By K. W. 
Ells. pp. 150. The growth and present condition of the various mining 
industries of this part of Canada are concisely stated, from information 
emb(Klied in previous reports of the Survey and of experts, from arti- 
<'h\s in scientific journals, and from mining superintendents. 

Hi port on the Surf ore tfColof/t/ of Southern New lirunsmck. ^y Kobmrt 
CifALMKits. pp. 1)2. The part of New Brunswick described in this re- 



port borders the Bay of Fundy, exteuding fr<»ni the Maine bouuchiry on 
the went to the isthmuft of Chlegnecto, uniting this province witli Nova 
Bcotia, on tho east. A southern hill}' and mountainous belt of crj'stal- 
llne rocks, some thirty miles wide, runs along the coast; and back of 
this is a low, broad Carboniferous area, much of it l>eneath the 20<) feet 
contour line. Hiver valleys, now partly submerged indicate that the 
country stood at a greater eleyation, being not less than 200 feet higher, 
during late Tertiary time; but after the departure of the ice of the 
Glacial period it was for some time depressed a1)out 220 feet, as is known 
by fossillferous marine beds overlying the glacial drift, and the sea then 
<!Overed the Chiegnecto isthmus. This subsidence agrees closely with 
that found by Prof. (George H. Stone in Maine. From the depression 
the land was re-elevated considerably above its present level, this being 
shown by a bed of peat at a depth of about 80 feet under the Tantramar 
salt marsh at the hearl of the Bay of Fundy. The latest movement has 
been downward, but seems to have ceased. Sea cliifs, beach ridges, and 
salt marshes, show that now and at least for some centuries past the rel- 
ative levels of land and sea have been nearly or ((uite stationarj*. 

Preglacial decayed rock and beds of gravel on many tracts underlie 
the till, which is often thin or almost wholly wanting but occasionally 
attains a thickness of 50 or 60 feet. Drumlins, moraines, and kames oc- 
cur somewhat as in the New England states, and the region is nearly 
everywhere profusely strown with boulders. The Leda clays and Saxi- 
cava sands extend to the hight of alK>ut 220 feet; and at greater elevn 
tions the district is prevailingly mantled with unfossiliferous beds of 
coarse gravel and sand, often irregular in their stratification and contour. 

Cfiemtotl CoutribtUiotiM to Hie Geology of dnuid*!, fvoio the J.ttbortftfH't/ of 
tfie Surtey. By G. Christian Hoffmann. ])p. 68. This rei>ort comprises 
a large number of analyses and descriptions of <*oals and lignites, nat 
ural waters, iron ores, limestones and dolomites, etc., with notes of 
about two hundred assays for gold and silver. 

lieport on the 3fiinnf/ und Mineral StattHtirH of Conodofor th* year Is8b. 
By H. P. BiiUHEL. pp. 93. The aggregate value of the mineral prcKlucts 
of Canada during 1888 is tabulated as $10,500,000. Coal stands first, with 
value somewhat exceeding $5,000,000. The protluct of iron, so far as 
statistics could be obtained, was nearly $1,600,000; of goUl, about $1,- 
000,000; copper, $667,000; petroleum, $755,000; asbestus, $255,000. The 
total exports of mineral products during the year was $4,738,8^0, of 
which nearly three (luarters went to the United States, and alMmt <me- 
tenth to (treat Britain. 

JHti^ion tf Mine ml StattHth'H onO Mining: Auuind JitjHtrt for tsSi). 
By Elkhic Drew Int^ai.i,. pp. 124. The total mineral production during 
1889 was $19,500,(K)0. Each of the pro<lucts l)efore specified for IHSs 
shows an increase, excepting petroleum, which fell oflP about 20 per cent. 
The largest ratios of increase are for iron and asbestus, each of which 
advanced nbo\it 70 per cent.; and the value of the product of steel was 
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doiibl«». iH'ing JisU7:5,0O0 in 1S*<U, }ilth(Min:h iit tlie same time its uvemije. 
prirc per ton fell fnun about %h() t<» ^Jjr>. •' 

■ • 

Aiihotiiial Lint nf thi- Mtmniln orrHrt'ttif/ in ('nhUthi. IJy (t. ClIUISTIAK 
iloKKMANN. The litemtiin* of this subject, both of the Geological Sur- 
vey publieutioiis iin<l of scieutitit- journals, is here well epitomized. E9 , 
jiecial IndobtednesH is acknowledged to the writings of Dr. T. Sterrj'i 
Hunt, whose extended and important contributions to the mineralogy of 
Canatiaare stated to be tlie basis of this work. 

Suppf^ imtif A to tfini'fft L. HmjIiKh <(• ('o's (jaitt^oijm of MuttniU, Sept., 
ISDl. 7:*.:] IJroadway, New York. 

This is much more than a dealer's list of his stock for sale. It is a 
carefully compiled sketch of new species created since the appeanjLuce 
of their original eatalogue, with their physical and chemical characters. 
Tlie firm is rendering a real service to mineralogy in bringing together 
in convenient form these scattered facts, and providing students with 
the means of procuring specimens. 

J^nnii JtipiiH to ffrifinifltt. SK'ttrhen ttf ohttcrftftioH uml huitiiry in o 
tour ronmJ tin trorttf in 1S87-8. By Jamks Hknuv CiiAPrx, 12 mo., :?25 
pj), illustrated, Putnam's Scms, Xew York, IHSJi. 

Prof. Chapin has seen things with tiu* ken of an iuciuiring and 
observinu: geoloijlst, and luis succeeded in makiuir a very instructive nar 
rative of his trip. 

\oti on rorj: Kim'iimnf( rftlfri'trit ftif \V , ffotrfo/tfl /Cfiff., ih h'ot'nt. IJy T. 
11. Holland, Ksq., (<2. J. G. S. May, ISiU, vol. xi.vir.) 

•Mthough the soutiiern half of Korea ma}' be looked upon as a ilis-. 
tinctly idlly country, there are no mountains exceeding 3,000 to 4,lHH> 
feet in bight, and these are for the most part rounded hummocks bound 
inir rice irn^wino; vallevs and plains. - » .... 

The r(»cks buihlini; up these hills are chiellv members of the irroup 
of crystalline schists and gneisses, with graphite, garnet, dichroite. and 
Muor occurring in considerable abundance: and the wliole group forms 
tirobablv a i)art of the u^reat mass of Arcluean rocks of northeastern 
Chitiu. so well known through the descriptions of Von Hichthofen. 
StratificMl rocks of various kinds (shales, sandstones, grits and conglomer 
ates ) lie unconformably <m the schists in the southeastern part of the 
jM-niiisula and are probably of Carlxmiferous age. 

Through the crystalline schists and stratitied rocks various igneous rocks 
Ijavc been erupted, and are now exposed as projecting dykes, or in large 
masse-:, as bare, rounded hills an<l mountains. Amongst the results of 
igneous action granite is the most conspicious rock. Hiotite and musc(» 
vite graiiit<*s are nio>l witlely tlistributed, ami in places are cut by 
tlykes oi iMirite (or "I'elstone," ) and veins of quartz and pegmatite. The. 
more basic class of rocks is represented by diorites, i»ropyUtes, ande 
site>, bu^alis, dolerites and gabbros. Interesting cases of the gradual 
jnissage berw«*en the so-called interme<liate and basic r(K:ks are found, 
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4iii«l various stages in the d<*vitrittcation and decomposition of an- 
M-lositic lavas are represented. There are now no active volcanoes, 
neither are there any known recrords of the occurrence of earth 
H^uakes. Tiie. only manifestation of the present activity of the inter- 
nal forces consists in the warm sprinjrs occurring in various parts of 
the peninsula. There is a notahle lack of mineral wealth in the south- 
•<*ru part of Korea. 

/h Mt'i'ijtfiou of t( nuiftrhthft tn'tr (ttn.HH nml apt'ciis of linn'hiinnnf ; liy 
U. P. WnrTFiEM). ( Trans. Amer. Ins. M. E. vol. xrx, pp. 104-107, plate,) 

St'dpftforofio holii'irnHtu iren. et sp. nov. Whitfield. This new brachio- 
;|)od was collected by Dr. Arthur F. Wendtfrom the Devonian of Bolivia. 
Srtiji/tioi'o'iftf belonirs to the Terebratulidii*. JJoth valves are plicated, the 
ventnil beinj; strongly convex, the dorsal sulcatcd, longitudinally and 
au.irularly. The internal ventral has a strong, deep triangular byssal 
sopeninir and muscular scar; dorsal strong crural pro(!esses: the loop 
js unknown. Shell structure strongly fibrous, without any punctu* 
under a hand magnifier. The type is three and a half inches long and 
two inches wide. 

'/'/#< /W/m/, Ifoh'rht, Stirfi' Diafrirf : Hy AnruvH F. NVkndt. ( Tnius. 
Amer. Ins. M. E. vol. xix, pp. 74-104.) 

This ])aper is an exhaustive report on the mining, metallurgy, geol- 
ogy, etc., of this famous silver district. The city of Potosi is iiuilt on 
the very terminus of the glacial drift where It covers the Jurassic. The 
principal mines near thr* (tity are in a dyke of rhyolite, which is {>erhaps 
a mile wide and boumled on the east and west bv the Tertiary. The 
northern ends of tiie veins strike into the .Turassi<; roc^ks. The author is 
of the opinion that these veins are very modern and were still in course 
of deposition during the glacial period of Uolivia. Further, he** would 
not be surprisetl if, on further careful study, it should be determineii 
that the age of many silver <leposits of the North and South American 
<*c>ntinents is as mod(>rn as the advent of man." 

Fomm// Itotiiitfi: \\\ Il.tiuAK zr SoHi s-I.AUjjArn. English translation 
by Hkxkv K. F. (tAiu:sKV. Kevised by Isaa<' H. IJALKorii. Oxford. Clar 
HMidon Press, IHIM. pp. VII and 401. ( Xew York: Macnullan «Sc C'o.i 

Had it been the intention of the authors of this book to have it used 
jis a text book, we should f<'el obliged to condemn any such use, on ac- 
count of tlie lack of sufiicient illustrations, so (>ssential now-a-davs t(» 
the successful use of a ttvxt book. " Fossil Botany " contains less than 
fifty illustrations, whereas a text book should have no trim number than 
•<me-half its number of pages. However, the authors make no such 
•claim, their object l»eing to make it an *' Introducti(m to paheophytology, 
from the standpoint of the botanist*' It is supposed to meet the re- 
Hjuirements »)f the botanist. This work on palteobotany seems to be the 
first so far issue<l in whi<'h the botanist finds himself superior to the 
paheobotanist, and although a ** Fossil Botany," paheobotany in it be- 
♦<M)mes a seeondarv consideration. 



Fossil It* sins: By Clahence Lown and Henky IkxiTii, New York, N. 
D. C. Hodges, 1891, pp. XVI and 119.— 4 plates. 

• Messrs. Lowu and Booth have made a very creditable coiiipilatioii of 
the literature of this subject. They cite and describe eight authorities 
from 1816 to 187(5. They have apparently collected all the available 
literature and one is surprised with the result; a score or so of papers and 
no tfwre; It seems almost incredible that so fascinating a subject should 
have received so small a share of attention. The laclc of material mav 
no doubt be re«|K>nHlble for thin. The typography of tho hook is ex- 
ceedingly bad. 

Geolvgic4il Ex€un*ion4i; 18(>0-1890. London, Ki»wari> STANKom>, 1891, 
pp. 571, tig. in text 

This valuable book, " A Record of Excursions of the English Geol 
ogists* Association made between 18<J0-1890," is ably edited by Messrs. 
Tiios. V. noLMEK, F. G. S., and C Da vies Sueuuorn, F. G. S. The 
membership of this association is not only composed of professional 
geologists but also of all persons who find pleasure in the various ex- 
cursions which the Association takes year by year for the purpose of 
studying some section of country \mder the guidance of some local pro- 
fessional geologist. The present work is one descriptive of these various 
excursions and contains a brief account of the geology of each place visited. 

Netc minr.rals from the Sefpe/th'ne HeU at Hastou^ Pa,; By John Kyek- 
liAN. ( Acad. Natl. Sci., Phlla. Oct, 2«, 18JH.) 

The author announces the discovery of a number of minerals from the 
line of contact between the Serpentine rocks and the Calciferous (?) 
limestone near Easton, Penn. Ten minerals not heretofore known from 
this locality are described, of which topa/., hydroniagnesite, chalcopy- 
rite and grajihite are the most important. 
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From .Tiipan to (tranada: Sketches of Observation and Inciuiry in h 
Tour Round the World in 1887-8. By J. H. Chapin. New York, 1889. 

A ^lemorial Address on the Life and Services of Alexander Winchell. 
By M. W. Harrington. Published by tlie University of Michigan. 1891. 

Stones for Building an«l DiToration. \\y George P. Merrill. New 
York, 1891. 

A Sketch of the Physical Geography of Iowa, by R. E. Call. From 
Ann. Rep. Iowa Weatlier and Crop Service for 1890. 



Notes on the Oct-iirreuoe of Musical Sand on the I'ar.irto Coast of the 
United States, by H. ('. IJolton. From Proc. Amer. A8so<'. Adv. Soi. VoL 
XXXIX. I89(). * 

V. Foftiyn PnhluuitionH, 

Bulletins du Comit^* G(^ologique, St. Petersburg, 1800, IX, No. 7, con- 
tains: (/onipt^ rendu pri^liminaire sur les recherclics g^'^ologiques dans 
les doniaines WerkhuC'-Tourinskaya, Nijny-Toutlnskaya et Bisserskaya^ 
par A. Krasnopolsky: Oompte rendu prelimiuaire sur les rechercbes 
faites en 1889 dan^ la parti(^ septentrlonale du ^uvernement de Lublin, 
et dans la r(^gion de la llgne du chemin de fer de Szpola-Umagne dans 
le gouvemement de Kiev. Par A. Michalski. IX, No. 8, (contains: Not<* 
Hur les travaux ex^cut<^ par Texpedition de Timane en 1 HIM), parTh.. 
Tschernyschew ; Hecherches gi^ologiques faites dans le district de 
Novornskovsk du gouvemement d'Ekaterinoslav et (iuehiues nouvelles 
<ionn(5e8 sur les depots tertiares inf<^rieura du bassin de la rivir^re Solenaia 
par N. Sokolov. 

MC'uioires du Comiti'' (jrC^ologique, Vol. IV, No. 3, Allgemeine geolog- 
ische Karte von Kusslaud. Blatt 138. Geologische Untersuchungen in 
nordwestlichen Gebiet dieses Blattes von A. Stuckeuberg; Vol. V, No. 1 , 
Carte G^^ologiciue g^nC^rale de la Kussie. Feuille 57, Moscou; Vol. V,. 
No. 5, I>(^pr)ts Carbonin^res et Puits Art^siens dans la region de Mostnui 
par 8. Nikitin; Vol. VIII, No. 2. Die Amnion iten der unteren Wolga- 
Stufe, von A. Michalski; Vol. X, No. 1, Le Tremblement de Terrede 
Verny, 28 Mai (1) Juin) 1887, par J. V'. Mouchketow. 

Bulletin de la Soci^^tC* (i(*ologi(iue de France. Paris. 3e 8(?rie, tome 
XVIII, No. 1, Mars 1890, contains: Le Perniien dans ^Aveyron,laLoz^re,. 
le (tanl et TArdeche, par M. <?. Fabre; Grande faille du Zaghonan et 
ligne r>rincipale de dislocation de la Tunisie orientale, par M. G. Hol- 
land; Description du Terrain cr<?tac<? dans une partie de la Basse-Pro- 
vence, par M. Collot. No. 2, Mai, 1890, (contains: Note sur le Sy8t^me 
oolithlque inferieur du Jura m(^ridlonal, par M. Attale Iliche; (J^tologie 
de rindie Francaise, par M. H. LC'velll^'. No. 8, Juin, 1890, contains l 
Note sur une Porphyrite A pyroxene par M. Camuset; f)rigine de 
rOrographie de la Terre, par M. Tardy; Sur la presence, dans le Lang- 
uedoc, de c^ertaines espi'ces de I'^^tage e du Sllurien superiour de Boheme 
par M. J. Bergeron; Succession des CTuptlons volcaniques dans le V<day,. 
par M. M. Houle; Note sur la prC'sence du Pleurodi<*tyuni problema- 
ticum dans le Devonieu de Cabrleres et sur un nouvel horizon de 
(rraptolites dans le Silurien de Cabrieres, par P. (J. de Uouville: Kchiui- 
des recueillis dans la province d*Aragon (Espagne) par M. M. (vourdon, 
par M. Cotteau: Hemarques sur le noni g<'*neri«iue d'IIippari(m par >I, A. 
(raudry: Secon<le note sur les Ilolothuridres fosslles du C'alcaire (iros- 
Hier, par M. Schlumberger; Note sur la <}C*ologie <le la Tunisie, par M, 
Le Mesle; Sur Page relatif des Mammiferes <le Cernay, par rapport aux 
Vertebra's du menu* groupe d<^converts en Kurope et en Ain^'rique, 
par M. le Dr. Lemoiue: Etude stratigraphique vx nouvelles recherches- 
sur les Mollusques »lu terrain laeustre inf^'-rieur de Provence (Danien^ 
par M. Ca/iot; Note sur les mines de Colar (Inde) par M. I/'veilh': Note 
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sur lo lUirn'initnn (Xv ('abouiio (Drome), pur M. (1. Sayii: Sur la |K>sitioii 
stnitisrniphique do Charbcuh fossils <iu IH<'»mont, par M. Fred. Sacco* 
No. 4, Juillet, 1800: Ohser%'atioii8 sur lea dunos littorales de IVpoque 
actiielle vX <le lYpotpu* pliocene en Algi'rie et en Tunisle, par M. A 
Parnm; Sur lo fossile dC'crit par M. de Zii^no sous le noin de **Anthra- 
rotlierium Monsvialense," par M. A. (iandry; Les Dunes maritimes et Ie» 
Sables littoreaux, par M. le Dr. Labat: Sur la elassitlcation dea CC'ratiteK 
de la (.'nue, par M. H. DouvillP; Note sur (|uel<pies Jkibinides du terrain, 
or^'tac^' du Mexique, par M. Cotteau: Note sur Textension des Atterrisae' 
ments Miwenes de IJordj'lJoulfra (Alirer), par M. K. Ficheur. No. 5, 
Aout, 181M): faude sur l<»a rapports des MammifT'res de la faune Cernay- 
sienne et des ManimilT^res crC'tae^'s d*AniC*ri«|ue, par M. Tjemoine: Note 
sur le p('Tistome du Phylloeeras inediternineum, par M. E. Ifaug; Sur 
quelques points de la (tC'olou:ie <le la Tunisie, p*r M. Aubert: Note sur 
les travertins n veg^'-taux de Douvres (Ain), par M. A. IJoistel: Etude sur 
la formation de la r<'*gion Thi'-ziers Vacqui^res (Gard), par M. Ca/iot; De 
la mesure du temps ])ar les ph^*nomenes de s^'dimentation, par M. A. de 
^apparent: Les Tremblements <le Terre, par M. Tard}'; Sur une forme 
nouvelle de trilobite de la fanulle des Oalymenidji' (Genre Calymenella), 
par M. Jules Bergeron: Contribution j1 lYtude du terrain tertiare d'AI- 
saee et des envinms de Mulliouse, par MM. Mieg, Bleicher et Fliche. 
^o. <», Septembre, 181^0: Les Terrians junis8i<(ues dans les environs de 
Tiaret, Frenda et SaVda. jmr M. Welsi^h; Sur les Terrains phosphates 
•des environs de DouUens. Etage Stmcmien et Terrains superpos^^'S f 
par M. IL Lasne: Monoeeros et Parmacella du Plioi!^ne de Mont- 
pellier d'ai)res P. (torvais, par M. Viguier: Les terrains crC'tac^s 
du Seressou occidental et <le liObon, d<'*partment d'Orau, Alg^^rie, 
par M. J. Welsch. No. 7, Octobre, 1890: Description des Sy<^nites 
•n<''ph<'"rmi(|Ues de Pouzac (llautes-Pyr^'nCesi et de MontrC*al (Canada) et 
de leurs phenomenes de contact, ])ar M. A. Lacroix; Etude de la Faune 
des Couches tithoni(|ues de TArdeche, par M. A. Toucas. No. 8, Decern- 
bre, 1800: Decimverte <le fossiles tin Mioc^ne superieur dans les sables 
rouges de la I'oret ilu (Jjivre (Loire- In ferienre), par M. L. Davy: Note sur 
la constitution geologique ties Pyr^'n(''es. f^e 8yst(»me cambrien, par M* 
K. .lacciuot. No. 0, Aout, 1801: Situaticm stratigrai>hi(|ue <les regions 
vol<ani«iues de PAuvergne. par M. A. Michel Levy: La Chaine des Puys, 
par M. \. Michel Levy: Le Moiite-Dore et ses alentours, par M. A 
Michel Levy; Sur les enclaves des trachytes dii Mimte-Dore ct en partic- 
uller siir leurs enclaves de roches volcanltpies, par M. A. Lacroix: Note 
>nr les Andesites A hyperstheiie du Cautal, par >L A. La* roix: Pi'-pi'Tites 
du I*uy de 3Iiir, par M. I*aul (iantier: Note sur les Zeolites des Basaltes 
et P<'p(^rites du Puy de Dome, par M. F. (iounard; Sur les Tufs volcani 
(pies lie Beanlieu (Bouches du-Khonei, par M. Collot: Basalte de Beau- 
lieu, par IVL Deperet: Oliservation sur les tufs et breches basalti(|ues de 
rAuvergtie et du Velay, par AL M. Boulc: Les Anciens (glaciers de 
TAuvergne, par >L Tardy: Sur la Limite outre le Pliocene et le Quater- 
naire, par M. M. Ihudo: Note sur liige des Basaltes du Velay, par M. M 
Boulo. Tome XIX. No. 1, Jan. 1801. ctmtains: Formations des ressautn 
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•Ic Teiniin (lits rideaiix. pnr ^I. A. «k' f.iipimreiit; Surqii(*l<nio« Faiuiis 
Hletis inconiiUH dti Department ilcs LhikIos, parM.V. Huuliii; Kchiiiulew 
( 'r<''tjic<'*s (l«»s Pvn'n^'OH ()ocid«MitJil<*s, par M. .1. Sfiines. Xo. *2, Feb. 181M>: 
Descnptiuii tin 'IVrniin Cn'ta***'* <lanH uiie jmrtie <!«• la IJasse-Provi'nce, 
par M. Collot: L»»3 Terrains d'AHuvion a I^ondichc'ry, par M. II. 
Li'veilh': Sur l«>s Com-hcs ditcs (Yc'tace inf^'rieur dos environs de 
Sonuraiirne (Andei, par .M. K. .Iae<piot. No. :l, ^lars 1S»1: Pr^'sentatiou 
«run Moinoirs, par M. .1. Sennes: Note snr i|Uelqne8 (^nestionH relatives 
n la (leoIoiTji. des (irottos et des eanx Sonterraines, par M. L. de hannay 
♦•t M. K. A. Martel; X(»te Sur le (lisenient Ar;covi<»n de Trept «Is?Tei, par 
M. A. dcHia/.. No. 4. Avril, ISIU: Observations sur les Terrains 
•iecondain-s et les Terrains priniaires des Corl)ieres, par M. .1. IJonasel: 
fende sur le bassin I'Jiocene de Theziers-Hoqnennmre ((iard), par M. 
Cazlot. No. ."», Mai, ISiM: Snr le Callovien de TOaest de la Fninee et 
-^nr sji Fainie, par M. A. de (Jrossonvre: fttude d'Knsendde snr les dents 
des Mammirt'res Fossiles des environs de Keims, par M. Lenioiue. No. 
•'». A«»nt, IMD! : Ueehereln'S expi'Tinientales snr le role possible ties ga/ tl 
liantes Tenipi'*ratures, dou<'s de tr^s fortes Pressions et Anim<'*s d'nn 
inonveinent fort Kapide, <Ian8 divers Pli^'-nonienes jreoloiriqnes, ]mr .M. 
Danbn'e: (iiseinents de Phosphate de Chaux des Ilantes-Plateanx de la 
Tnnisie, par .M. P. Tlionnis: Keelierelies snr qnelqnes roehes Ophiti<ines 
dn snd i\v la Tnnisio, jmr M. P. Thomas. 

Zeitsehril't der (Tc>cllschart fllr Frdknntle zn Berlin. IJand XXVI, 
ISIH. No. o, contains: Beitriliro znr (ieoirraphi*' Centnil-lJnisilienH, von 
Dr. P. Klin*nn'i<*h: \*<»rsn<li einer Omirrapliie d<'S Kwen Inn, von Dr. (i. 
WeireiHM*. 

.lalnvsb. des V«»reins FHr Natnrw. zn IJrannsehweitr, fOr 1SH7-88 und 
ISSS sD, contains: Die (Jeoloirie, Miiu'ralosrie nnd Pah'lontologie des 
Ilerzoi^thnms ]Jrannsrhwei»r nnd d»»r anirrenzenden I.an<le8theile mit* 
Inlwirriff des Harzirebirj^es, von Dr. .1. M. Kloos. 

ViThand. dor (Resell. fHr Erdknndf' zn Berlin, Band XVIII, ISUl, XtK 
<», cnntains: Die Krforschnnir der <»lM»rsten S<*hlehten der Atniosydnlre, 
von Prol'. \V. Forster. 

Notizblatt di's Vereins ITir Enlk. zn Darmstadt mid des mittelrheinis- 
<1hmi livoloLTischen Vereins. IV Folge, 2 lleft <*ontains: Das Bohrlo<*h 
der (IcbrHder Becker in der Manerstrasse zn Darmstadt, vcm U. Lepsiiis; 
rcber »li(» fossilen Heste aus dem mitteloliiroeflnen Meenisgandstein I»el 
IIcppcnh<>im an der Berg8tras>e, von II. Lei>8ins: Die (iranaten von 
Anerbachan der Ber«jrstrasse, von K. M(»yat: Frittnnjj: von Hothlie<;eudem 
SandHi«»iii in cinen Bohrloche, von ('. Chelins: I'cbersicht Hber die 
♦•rnptixMi (Tcsteim> der Section (iiessen, von A. StnMiir. 

.VtMiab's de la Societc (re(»lo.iri<|ne tin Nord. Tome XVI I, ISSjI-Du con- 
tains: Notice explicative (h* la f«'nille de Hedou, par .M. C'h. BarroiH; 
Snr les <Iiabases dn Menez-IIom I Finistere), par M. C'h. Barrois: lies 
Demoiselles de Lihns, par M. .1. Gosselet: Kxcnrsions treoloiriqnes dans 
• •Mviroiis de Vichy, i)ar M. (tnmnier; Ondnlations de la craie d(» la 
leuille de Cambrai et Rapports de la strnctnre ondnli'^e avec le syst^me 
hydroirraphiqne <le cette <"arte, par M. I^. Cayeux: Fenille de P<mtivy, 
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par M. CIi. lUirroiH; Mi'-niolre siir la '*Cniie gris«" dii Xonl de la. Fraiic«\ 
par M. [-.. (-ayeux; ^^u^ la conipofiitlon ties Pliosphat<^8 deA <»nviroii8 do 
Mons, par M. II. I.asne; DC'couverte de silex taillC'S A (JuiC'vy ( Nord), 
Note 8ur kMir gisement, par M. L. Cayeux; A propos de la Ciplyte, par 
M. J. Ortlleh; 8iir la composition de la scorie ThoinaK, d'apr^s 3IM. les 
Prof. Bucking et Liiick; 8ur Ic phosphate ciuatri-calcique et la Ikksicit^* 
des silicates. des scories Thomas d'aprt^s M. G. Hilgenstot^k; Considera- 
tions sur le Bief A silex de TArtois, ])ar M. J. (iosselet; Note siir le 
Micrastor Gosseleti espNie nouvelle de la Craie blanches des environs de 
Lille, parM. L. Cayeax; Notes snr le rapport des d<^p<>ts carboni(T*reH 
russes avec ceux de I'Europe occidentale, par M.Tschernichew; L^*gend<* 
de la Fenllle de Vannes de la carte g^^ologlcpie de France, par Ch. Bar- 
rols; Coup-d'udl sur la composition du ('reta<*/* des environs de P(^ronne, 
par M. L. CJayeux; Deux excursions dans le lIundsrHck et leTaunns, par 
M. J. Gosselet; Etude nucrogniphique de la Craie dea environs de Lille. 
Difeves a Ino<;eranius labiatus, par M. L. Cayeux. Annales XVIIl, 189U: 
Description gC*ologique du ('anton de Trelon, par M. J. Gronnier:. 
Ktude stratigraphique du Terniin Quaternaire du Nord de la France,, 
par M. J. Llui^l^re; Ca^ri^re8 de Volvic (Puy-de-Dome), par Quarr(^-Bey- 
Iwurbon; LC'gende de la feuille de Qulmper de la cane gC'ologique de 
France, i>ar Ch. Barrois; Etude stratigraphique du Terniin quaternaire 
du Nord de la France, par M. J. Ladri^re; Le^on d'ouverture du Cours 
de MinC'ralogie professe il la Faculty'* des Sciences de Lille*, le 21 Nov., 
1890, par M. Gosselet. 

The Scientiflc Proceedings of the lio3'al Dublin S<x!lety. Vol. VI,. 
(N. 8.) Part 10. Dec, 1890, (u^ntains: Heports on the Zoological Col- 
lections made in Torres Straits by Prof. A. C. Umlilou, 1888-89; Jlydrolda 
and Pol3'/.oa, by H. Kirkpatrick. Vol. Vll. Part 1, contains: lleports 
on the Zoological Collections nnule in Torres Straits by Prof. A. C. Had- 
don, 1888-89; Lepidoptera from Murray Island, by G. H. Carpenter and 
The Land Shells, by Edgar A. Smith; On u Fragment of Garnet Horn- 
fels, by Prof. Sollas. Part 2, contains: A New Si>ecie8 of Tortrix from 
Tuam, by G. If. Carpenter; The Variolite of Cerroyg Gwladys, Angle- 
sey, by (L A. .1. Cole; The Origin of Ortaln Marbles; A Suggestion, by 
Profs. Sollas and Cole. 

Kurze Uebersicht meiner Ilypothese von der geologischen Zeitrech- 
nung, von A. Blytt. FVom (teol. Foren. Forhandl. Bd. XII, I In ft 1. 
No. 127. 

Results of Kain, Hiv^r and Kvaporution. Observations nnide in New 
South Wales, during 1S89, by II. C. Russell. 

Annual Hejmrt of the Department of Mines of Xew South Wales, for 
the year 1889. 

The Scientific Transactions of the Uoyal Dublin Society. Vol. IV- 
(N. S.) Part VI. Nov, IHIJO, <-ontain8: On the Fossil Fish of the 
Oetaeeous Formations of Scandinavia, by J. W. Davis. Part VII. 
Feb. 1891, contains: Survey of Fishing (irounds, West Coast of IrelamU 
1890. 1. On tlie Eggs and Larv.e of Teleosteans, by E. W. L. Holt. 
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'Vart VI 11, June, 18i»l, contains: The Constroctiou of Telescopic Object- 
«<41a8se8 for the International Photographic Survey of the Heavens, by 
II. Grubl). 

Eleventh Annual Report of the Department of MineH of Now South 
'Wales, for the year 1890. 
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CfKAMi Falls. Labkador. — Messrs. Keuaston iiikI IJryaut, 
the explorers who quite recently returned fn>in a trip to Labrador 
announce sonu* accurate meoHurements taken at Grand Falls. The 
fall is 31 <) feet, or if the nipids Ik». included the descent would Ik* 
500 feet. Tlu» width is 200 feet; butougoinjj: b:ick half a mile 
the river is from 120i) to 1500 ftH»t wide, j^radually narrowing un- 
til it n»aches the falls prec^ipice. After passing over the preci- 
pice the riv(T runs for a distance of twenty-five to thirty miles 
through a narrow canon, the walls of which rise to a bight of 
from :500 to Am f(»et. 

SiLVKR Proiu'ctiox. — Dr. A. F. Weiult is of the opinUui that 
notwithstanding all authorities to the contrary, the aggivgate pi'o- 
duction of the Potosi silver niin<»s <»f Bolivia has not cxcimhUmI 
l,0(MKOi)(KOilO ounces. 

It is DornTFirL if any Amkricax expkdiimon of recent years 
has Ikmmi so fruitful of good results as that undertaken iXH^ntly 
by Messrs. MciJtx*, Wanl, and Tlill into the southeni coastal re- 
gions c»f Mississij)pi, Tentiessee, Louisiana. Texas, and Mexico; 
the party has returned to Washington with a most valuable col- 
lection of <lata. In Tennessee, Mississippi, and Louisiana they 
were aci'ompanied by professors SafTonl, of Tennt*ssee, Ililgard, 
of (\difornia. Smith, of Alabama, and Holmes, of North (,-aro- 
lina, who visited ail the historic localities, and in the field dis- 
cussed and harmonized opinions, and devised methods that will 
soon r(»sult in a clear elu(d(hition of the Nt»<H*ene feati!n»s of the 
.Vtiantic and (lulf slope. 

Messi*s. Mc(iee. Ward, and liill continued the work in Texas 
and Mexico, and obtained a vast ston^ of informati(m concerning 
thi» geographical, g(K)logical, and lH)tanical relations of those n\- 
gions of the Tnited States. The remarkable on)graphi<^ cleveloj)- 
m(^nt of northeastern Mexico was reconnoitriMi, an<l the interest- 
ing Jura.ssic and (\)manche IhhIs visittnl. pn)ving lK\yond doubt 
the great deveh)pment of the Lower (Vetaceous in that country. 
Finally the Trinity IhhIs of Texas, a great formation hitherto lit- 
tle appreciate<l. wen» visit^ni by Pn>fs. Wanl and Hill, resulting 
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ill tin* cliscoviM'v hv I'rof. \V:inl of a iiuimiifiocnt fossil flora which 
hiis hitherto ht'on unknown in that rojrion. The* wlioh' ]>arty fwl 
*i:ivatlv in(U»l>ti'(l to >Ir. MHmh* for the ai>U' inann<M' in which hv 
phunuMl and conthictiMJ this fichl syni[>osinni. and to his acconi- 
plislicd wife, who accompanied the jjarty in even tlie ronjrlu^t 
and most dillicnlt journeys. 

(iKOl.O(iV AT THK rMVKRSITV l»K \VlSC<».\SIN. Tlicrc liaVc IkHMI 

an enhir*ri'iiient and a reorjriniization of the (U»partments of jreol- 
ogy and mim»ralo<ry recently at Madison, the ecpiipment and teach- 
ing force increaseti an<l tlie courses n»cast with reference to the 
preparation of jirofessional ireoloj^ists. The teachinj^ corps em- 
l>races l*res. T. (V Chamberlin, and I'rofs. (\ H. Van llise, llol- 
lin |). Salishurv. and William W. Ifohbs. with collateral assistance 
in cliemistrv liv l*rofs. Daniells and llillver. 

• • • 

AwAKP OK TiiK Havukn Mkmoriai. Mkoal. The committee 
appointed liy the Acaclemv of Natural Sciences of IMiiladelphia t<^ 
awanl this metlal, met oii the 2(Kh of October an<l deci(U»d Uy 
h<mor l*rof. KdwanI I). Coiw for his many and valuahleresean*hes 
in paheontolo<ify and j^eoloiry. 

PROK. N. S. SiiALKR, of Harvard, has lately Imhmi ap]>ointed 
Dean of the Lawren<*e Scientific School of that university, rin 
Prof. (Miaplin. resi<rne<l. 

Mr. W. .1. Kam»win. an instructor in the .Mi(»hi«j:un .Minin<r 
Sch<H>l. has heen a])pointed i)rofessor of miiiin«r<Mit>:ine<'rinji: at the 
Tniversitv of lllin<ns. 

W. W. AiMM.KHV. of New York, has Ihhmi ap|H)inted minin<i: en- 
jrineer in the s<*hool of mines in the Tniversitv of Minnesota. 

Mr. Amos K. \Vooi>\v.vri>. of Somerville. Mass.. a youn<r gt*<d- 
ojrist of much promise, died. afti»r a shoii illness, of pneumonia, 
at (*astle, >[oHtana. Sei)tember ISth, aged 2t> yeaix lie was en- 
jraged last year on the (ieol(»orical Survey of Missouri, and Iuk 
most imi>ortant i>ui)lished work ap|K'ars in Uidletin No. \\ of that 
Survey, issued last IKveniiM'r. on ••The Mineral Watei-sof Henry. 
St. Olair. Johnson antl lienton (%>unti<»s. ' l^esides tlu* des<*rip- 
tive text, this re|)oi1 jrives twelve analyses of Missouri waters. 
ea<'h of which was <'on<luctiMl in duplicate. 

l*ROK. .1. V. WiMJA.Ms. c»K ('<»RNKLh I'nivkrsitv. die<lat Itliaca. 
N. Y.. on .\(»v. S. of malarial fever, the jrtMins of which he 
lirouirht from the malarial regions of .\rkansas. 1 1 is aire was 2!» 
years. His report on the petrography of the crystalline rocks of^ 
Arkansas is soon to lu* pulilished hy the state survey. .V mon* 
extended sketch of him will appear in a sulisccpient nunilMM* of 
the <Skch,<k}|st. 

I'ROK. ('. S. \Vll.KINS<».\, TMK (JoyKRNMK.NT (iKOLOCilST of Ncw 

South Wales, died at Sydney the 2'»rd of .\ujriist. at the ajre of 47 
y<»ars. 

l*RoF. I*. Hkrukkt (.'ari'KNTkr. OF Kton CoiJ.K.ciK. Kuglaud. 
die«l Oct. 21. IS!)|. at the aire of :J1» years. 
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